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1. PURPGCSE AND APPLI CABI LI TY

Thi s appendi x provi des gui dance on the quality assurance
program for the testing and eval uation of dredged materi al
proposed for discharge into the Geat Lakes. Section 2 of this
appendi x defines and di scusses the principal conponents of a
"quality systeni for an organization. Section 3 sunmarizes the
qual ity assurance programfor G eat Lakes dredged materi al
testing and eval uati on.

This quality assurance guidance is intended for use by the
USACE in contracts for dredged material data collection. This
gui dance is also intended for use by Section 404 permt
applicants as the mninmumquality assurance requirenents for data
whi ch the USACE wi ||l accept for a permt determ nation regarding
the di scharge of dredged material to waters of the U S

Specific protocols for project design, sanple collection,
handl i ng and storage, sanple and data custody, field and
| aboratory anal ysis and reporting, and data assessnent and
interpretation are described in the G eat Lakes Dredged Materials
Testing and Eval uati on Manual (GLTEM and Appendices D, F and G

2. QUALITY SYSTEM COVPONENTS

The conplexity of environnmental data collection demands t hat
a systematic process and structure be established to provide
deci sion makers with the necessary confidence in the quality of
data produced for decisions as well as the neans to determ ne
when the data are not fully usable. This section will define the
conponents of such a systematic process and the structure for an
organi zation, ternmed a quality system

2.1 CQuality Systens

A quality system provides the framework for planning,
i npl enenting and assessing work perfornmed by and/or for an
organi zation. A quality system consists of the policies,
principles, authority, objectives, responsibilities,
accountability, and inplenentation plan for ensuring quality in
wor k processes, products, and services. The principal conponents
of a quality system i ncl ude:

qual ity assurance managenent plans (Section 2.2),

qual ity assurance program plans (Section 2.3),

data quality objectives planning process (Section 2.4),
qual ity assurance project plans (Section 2.5),

st andard operating procedures (Section 2.6),

data quality assessnents (Section 2.7), and

QA program assessnents (Section 2.8).
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Quality assurance (QA) is an integrated system of managenent
activities involving planning, inplenentation, assessnent,
reporting, and quality inprovenents to ensure that a process,
item or service is of the type and quality needed.

Quality control (QC) is the overall systemof technica
activities that neasures the attributes and perfornmance of a
process, item or service against defined standards to verify
that they neet the stated requirenents.

QC for environnental data collection projects can be divided into
two basic types: sanple performance QC and net hod performnce
QC. Sanple performance QC provided quantitative information on
the quality of the sanple. Method performance QC provides
guantitative information on the quality of the nethod during

i npl ementation for a given sanple.

2.2 Quality Assurance Managenent Pl an

As a first step to establishing a quality system each
organi zati on docunents their quality assurance policy and
managenent structure in a quality assurance managenent plan
(QAMP). The QAMP provides the blueprint for how an individua
agency wll plan, inplenent and assess the quality of the
envi ronmental work perforned by or on behalf of an organi zati on.
The QAMP consists of the following ten el enents:

qual ity managenent and organi zati on,
quality system

personnel qualification and training,
procurenent of itens and services,

qual ity docunentation and records,

use of conputer hardware and software
qual ity pl anni ng,

quality inplenentation of work processed,
qual ity assessnent and response, and

qual ity inprovenent.

Rel evant QAMPs applicable to G eat Lakes dredged material testing
and eval uation are discussed in Section 3.1

2.3 Quality Assurance Program Pl ans

Qual ity assurance program plans are witten to further
defi ne the managenent structure and applicable QA requirenents
for individual prograns (e.g., NPDES, Superfund, TSCA) within the
organi zation, according to the regul ations and policies for each
environnental program The quality assurance program pl an
institutes processes, recomrends procedures, sets m nimum
st andards, and docunents how and when QA and QC are applied at
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the technical/project |evel during planning, inplenentation, and
assessnent.

Section 3 of this appendi x presents the quality assurance
program plan for Great Lakes dredged material testing and
eval uati on.

2.4 Data Quality Objective Process

The data quality objective process is used to establish data
collection requirenents for environnental prograns and projects
wi thin an organi zation. The iterative 7-step data quality
obj ective process provides the franework for planners to focus
their planning efforts (USEPA 1993d). It is alnost always
necessary to revisit previous steps.

The data quality objective process differs from historical
pl anni ng approaches in that acceptable probabilities of making
fal se negative and fal se positive decisions are set prior to the
project, and the study is designed such that data collected can
verify that these probabilities were achieved. Decision error is
a product of the uncertainty in results. Uncertainty is
determ ned by data quality and quantity. Sone of the common
sources of uncertainty are listed in table E-1.

Measuring and allocating overall uncertainty typically
requires pilot studies to estimate environnental heterogeneity to
design an effective sanpling program and sufficient data to
render sanpling/anal ytical bias and inprecision | ess than
environment al heterogeneities (i.e. define the nmagnitude of
uncertainty and the confidence |evel in the nmagnitude of
uncertainty observed).

Nei t her pilot studies nor statistical project designs are
possi bl e, or arguably, appropriate for individual dredged
mat eri al eval uations. For dredged material testing, the
guantification of uncertainty is still in the realmof research
and devel opnent. Therefore, decisions will continue to be based
on "best professional judgenent" rather than "statistical
uncertainty". This does not nean the data quality objective
process cannot be used. The probability of discharging
contam nat ed dredged material to waters of the U S (i.e., a
fal se negative decision) is difficult to determ ne, but an
attenpt to control uncertainty has been nmade by setting m ni num
specifications and controlling protocols for collecting
environnental data for dredged material eval uations.

2.4.1 Data quality objectives

Data quality objectives (DQ0s) are qualitative and
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guantitative statenments derived fromthe outputs of the steps of
the data quality objective process which specify the
progrant st udy objectives, domain, |imtations, the nost
appropriate type of data to collect, use of the data (the
decision), decision criteria (action |levels), and the |l evels of
decision error that will be acceptable. The general DQ0s for
Great Lakes dredged material testing and eval uation are presented
t hroughout the GLTEM and appendi ces, and are sunmarized in
Section 3.

Table E-1 Conmmon Sour ces of Error

Sources of Overall Error (in decreasing order of inportance)
Pol | utant distribution
Sanpl e design and collection (varies w analyte and natri x)
Sanpl e procedures and handling
Laboratory sanple preparation
Laboratory sanpl e anal ysis
Dat a handl i ng

Sanpl e Design and Collection Errors

Not honmpbgeneously distributed

Unr epresent ati ve nunber of sanples
Unrepresentative spots sanpl ed

M gration not accounted for

Wong type of sanpling (e.g. random

Common Sanpling Procedure Errors
| nappropri ate equi pnent
Cross contam nation
Di sturbs conposition
Laboratory Preparation and Anal ytical Errors
Subsanpling errors
Lose sanple (all or part)
Cont am nati on
W ong protocol
Acceptance limts determned for different matrix
Wong calibrate or reference used

2.4.2 Data quality indicators

Data quality indicators (DQs) are quantitative statistics
and qualitative descriptors that are used to define "the nost
appropriate data to collect” and to assess the degree of
acceptability or utility of the data collected to the user.
Project DQ's are set as part of Step 3 of the data quality
obj ective process. Historically, DQs include sensitivity,
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preci si on, accuracy, conpleteness, representativeness, and
conparability. A detailed discussion of these indicators is
provided in Attachnent E-1.

DQ's apply to sanple designs, all types of field and
| aboratory neasurenents, as well as "secondary" data produced by
nmodel i ng or mani pul ation of field and | aboratory neasurenents.
It is critical for the quantitative DQs (i.e. sensitivity,
preci sion, accuracy, and conpl eteness) that appropriate
means/ processes be used to neasure/estimate the DQ s and that
acceptance criteria for DQ s be determ ned using the
means/ processes that will be used in the project.

The DQ s for Great Lakes dredged material testing and
eval uation are presented in Section 3. 4.

2.5 Standard Operating Procedures

St andard operating procedures (SOPs) are witten docunents
that detail the method of operation, analysis, or action with
prescribed techni ques and steps. Consistency and thoroughness
are best maintained by followng witten SOPs. Docunentation
ensures all requirenents were net and provides proof that the
procedure was conducted properly if questions arise |ater.

SOPs are officially approved as the nethod for performng
certain routine or repetitive tasks. SOPs should be periodically
revi ewed and updated as necessary, and nmay be nodified to fit the
i ndi vi dual sanpling and anal ysis activities of specific projects.
Gui dance on preparing SOPs is provided as Attachnent E-2.

The "Inland Testing Manual " (USEPA/ USACE 1998) contains a
nunber of technical appendices which will function as SOPs for
procedures and anal yses required for making a 404(b) (1)
cont am nant determ nation

Appendi x B: Quidance for evaluation of effluent discharges
fromconfined disposal facilities

Appendi x C. Eval uation of m xing (STFATE nodel)

Appendi x D: Statistical nethods

Thi s, and other appendices to the GLTEM provi de gui dance on
sedi nent sanpling and handling (Appendi x D), physical and

chem cal anal yses (Appendi x F), and biol ogi cal effects-based
tests (Appendix G. The GLTEMis intended to serve as SOPs for
the majority of dredged material testing and eval uati on.

Gui dance on SOPs for nodified or new procedures for Geat Lakes
dredged material evaluations is provided in Section 3.5.



2.6 Quality Assurance Project Plans

A quality assurance project plans (QAPP) is the principa
product of the project planning process inasmuch as it integrates
all technical and quality aspects for the life-cycle of the
project, including planning, inplenentation and assessnent.

During project planning, the QAPP docunents the outputs of
the data quality objective process and is used for project
coordi nation and oversight. During project inplenentation, the
QAPP serves as a blueprint for project personnel. The follow ng
are the 16 traditional elenents of a QAPP

1) Title and signature page(s).

2) Table of contents.

3) Project description.

4) Organi zation and responsibility.

5) Quality assurance objectives.

6) Sanpling procedures.

7) Sanpl e and data docunentation and custody.
8) Calibration.

9) Met hods.
10) Internal quality controls.
11) Data reduction, validation, and reporting.
12) Performance and systens audits.
13) Preventive mai ntenance.
14) Data quality assessnent and usability.
15) Corrective action.
16) Quality assurance reports to nmanagenent.

The QAPP is the primary resource for assessing the usability of
and interpreting project results. The QAPP may be suppl enented
by previously prepared planning docunents or concurrently
prepared procurenent docunents. A nodified QAPP fornmat for G eat
Lakes dredged material evaluations is discussed in Section 3.6.
Addi ti onal gui dance on preparing QAPPs is in USEPA (1991c;
1993a) .

2.7 Data Quality Assessnent

Assessnent is the evaluation process used to neasure the
performance or effectiveness of a systemand its el enents.
Assessnent is an all-inclusive termused to denote any of the
follow ng: audit, performance eval uati on, managenent systens
review, peer review, inspection or surveillance.

Once the DQO process has been conpl eted, the planning team
wi |l have the information needed to choose the sanpling design
that best neets the needs of their study. The needs of the
pl anni ng team have not been fully net, however, until the
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sanpling data are anal yzed to ensure that any deci sion nade from
the data will neet project specifications. This analysis is part
of a related process called data quality assessnent (DQA)

The DQA process is used to assess the scientific and
statistical quality of data for a specified purpose. During the
DQA process, data is analyzed scientifically for techni cal
anomalies and to judge if the context of the data is correct. At
the sane tine, the data may be evaluated statistically. The
out cone of DQA analysis wll determ ne whether a decision can be
made using the existing data or whether additional sanpling data
must be collected. The DQA process is al so useful for
determ ni ng whether a sanpling design is appropriate for simlar
studi es.

DQA gui dance for Great Lakes dredged material testing and
evaluation is provided in Section 3.7.

2.8 Quality Assurance Program Assessnents

There are three types of assessnents of a QA program
reviews, inspections and audits. Reviews and inspections are
assessnments of the conformance of systens to qualitative
requi renents or specifications. Audits are assessnents of the
conformance of systens to quantitative specifications.

Managenment systens reviews (MSRs) assess the effectiveness
of the inplenentation of the approved QA program These reviews
consi der |inkages across organi zational lines and can be used to
di scern areas requiring inproved gui dance. The effectiveness of
t he managenent systemis generally neasured using judgenent based
on non-technical information assenbled and anal yzed. Managenent
systens reviews should be perforned on at | east an annual basis
and shoul d be conducted according to the goals and procedures
stated in the organization's QAMP. (ui dance on preparing and
conducting MSRs is provided in USEPA (1994a). Refer to the QAMPs
listed in Section 3.1 for nore informati on on nanagenent system
reviews that are part of the QA programfor G eat Lakes dredged
material testing and eval uati on.

Systens inspections assess project QC activities and
environmental data collection systens. A systens audit
qualitatively evaluates all conponents of the neasurenent system
to determ ne proper selection, maintenance, and use. This audit
i ncludes a careful evaluation of both field and | aboratory
quality control procedures and records. General guidance for
pl anni ng and conducting technical systens audits is provided in
USEPA (1993f).



Performance audits quantitatively evaluate the field and/or
| aboratory personnel's performance and the instrunentation or
anal ytical systens used. Performance audits evaluate the
accuracy and precision of the total neasurenent systemwth
sanpl es of known conposition or behavior.

Audits of data quality (ADQ are a qualitative eval uation of
t he docunentati on and procedures associated with environnent al
measurenents to verify that the resulting data are of acceptable
quality. ADQ address whether or not sufficient information
exists for the data sets to support data quality assessnent.

Qual ity assurance program assessnents for G eat Lakes
dredged material testing and evaluation are discussed in Section
3. 8.

3. QUALITY ASSURANCE PROGRAM FOR GREAT LAKES DREDGED MATERI AL
TESTI NG AND EVALUATI ON

The program for regul ating the discharge of dredged materi al
into the U S. waters of the Great Lakes basin is nanaged by the
USACE in cooperation with the USEPA and G eat Lakes States.

USACE district offices in Buffalo, Chicago, Detroit and St. Pau
adm ni ster the Section 404 permt program The USACE districts
at Buffal o, Chicago and Detroit al so conduct the maintenance
dredgi ng of Federal navigation projects in the Geat Lakes. The
USACE District Engineer is ultimtely responsible for making
determ nations of conpliance with Section 404. State regulatory
agencies are responsible for issuing water quality certifications
for dredged material discharges under Section 401.

Environmental data is collected as part of a 404(b)(1)
eval uation to nake a contam nant determ nation. The "Inland
Testing Manual" and the GLTEM utilize a tiered testing approach
to identify the data needed to determ ne conpliance. G eat Lakes
dredged material testing requirenents are consistent with the
"I'nl and Testing Manual ," but have been tailored to the needs of
the Geat Lakes. The GLTEM provides nore specific testing
requi renents based on physical, chem cal and bi ol ogi cal
conditions representative of the Great Lakes. For exanple,
| aboratory nmethods for chem cal analysis of sedinents were
sel ected based, in part, on their ability to achieve target
detection limts representative of background levels in the G eat
Lakes sedi nents.

The USEPA and USACE, in devel oping the GLTEM and Appendi ces
have formul ated a quality assurance programfor G eat Lakes
dredged material testing and evaluation. An overview of this
programis shown on figure E-1.
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Figure E-1. Overview of Quality Assurance Program for
Great Lakes Dredged Material Eval uations
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The structure and objectives of the programare described in this
section, including:

rel evant quality assurance managenent docunents,
proj ect coordination,

proj ect decisions and decision criteria,

data quality indicators,

speci al project needs,

qual ity assurance project plans, and

program and data quality assessnents.

3.1 Quality Assurance Managenent

Al'l organizations involved in collecting data for a
404(b) (1) contam nant determ nation should have a quality
managenent system The USACE North Central D vision (NCD)
"Qual ity Assurance Managenent Program (QAMP) for Environnenta
Data Coll ection” (NCD 1994) describes the fundanental QA
requi renents for environmental data collection activities
conducted by or on behalf of the USACE districts. This QAW
requires that all districts have a district-specific QAMP and a
District Quality Assurance Coordi nator.

Applicants for Section 404 permts collecting environnmental
data shoul d have an established QA nmanagenent system and a QA
Oficer. The permttee QA managenent system shoul d be docunented
t hrough a plan that describes corporate QA policies and genera
requirenents for all environnmental data collection activities.

Each field or |aboratory contractor should have an
est abl i shed QA managenent systemand a QA Oficer. The
contractor QA managenent system should be docunented through a
pl an that describes corporate QA policies and requirenents for
all environnental data collection activities as well as standard
operating procedures for both QA managenent and data coll ection
activities. The QA program of subcontractors should be included
in the contract and should neet the sanme requirenents expected of
the prime contractor.

USACE contractors nay be requested to devel op contract-
speci fic QA managenent plans that are presented for USACE review
or approval as delineated in the contract bid. Specific
recommendations for contractor QA managenent systens are defined
in the USACE QAMPs, and USACE contract gui dance docunents.

USACE districts, permt applicants and contractors shoul d
continually nonitor the effectiveness of their QA managenent
t hrough revi ews and assessnents, as defined in Section 2.8. For
contractors, project staff should al so review performance to
ensure conpliance with contractual requirements. Contractors
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shoul d review the performance of subcontractors.
3.2 Project Coordination

Coordi nati on of proposed dredged material disposal projects
is discussed in various sections of the G.TEM The purpose of
coordination is to solicit input fromagencies which will take
part in the decision making process prior to any field
activities. Coordination should occur during the planning and
review of data collection activities. Coordination nmechani sns
may i ncl ude scopi ng neetings, review of planning docunents, and
revi ew of project reports.

For USACE dredging projects, the responsibility for
coordination wth other agencies rests with the Project Mnager.
For Section 404 permt applications involving dredged nateri al
di scharge, it is strongly recommended that applicants coordi nate
with the USACE prior to contracting or initiation of field work.
The USACE will facilitate coordination of permt evaluations with
ot her agenci es.

Several docunents produced during a 404(b) (1) evaluation are
critical to project coordination. These include the Tier 1
eval uation and the data collection plan. The recomended
contents of the Tier 1 evaluation report are discussed in the
GLTEM A data collection plan (DCP) is a docunent which
describes, in detail, the proposed sanpling and analysis. The
DCP serves as the primary docunent for project coordination in
advance of the proposed sanpling and testing. It will also
provi de nmuch of the information needed for the QAPP and may serve
as a scope(s) of work (SOWN for contractors who wll inplenent
all or part of the plan.

The DCP should clearly define the goals of the project,
define performance criteria for sanple design and anal ytical data
quality, establish QA guidelines consistent with project goals,
and devel op technical strategies to mnimze project costs and
mai ntain tinmelines. The DCP should clearly describe all field
and | aboratory activities, describe procedures, define
performance criteria, and establish QA and QC consistent with the
goals in the GLTEM The plan shoul d di scuss organi zati on and
responsibilities for inplenmentation and oversight of field and
| aboratory activities as well as reduction, review, and reporting
of results.

The pl an shoul d bal ance the need for an appropriate | evel of
detail with tineliness and cost considerations. Accepted nethods
and procedures detailed in the GL.TEM and appendi ces can be
i ncluded by reference. More extensive docunentation would be
necessary for work to be done by nodifi ed/ new nmet hods.
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Docunentation for nodified and new nethods is discussed in
Section 3.5.

Proj ect coordination should continue during inplenmentation
of sanpling and anal ysis as probl ens or changi ng conditions
arise. The relatively short tine period for dredged materi al
evaluations will normally limt comrunication to inform
contacts, such as tel ephone calls and on-site visits.
Procurenment and contracti ng personnel should be notified of any
contractor problens.

3.3 Project Decisions and Decision Criteria

Dredged material testing and evaluation is ultimtely
directed toward a single project decision; whether or not the
dredged material will have unacceptabl e contam nant-rel ated
i npacts on the aquatic environnment. The path to this
"cont am nant determ nation" involves nunmerous other decisions in
the tiered testing framework. At the end of each of the first
three tiers, one of the follow ng concl usions can be nade:

e« the information available is sufficient for a decision of
conpl i ance,

e« the information available is sufficient for a decision of
non- conpl i ance, or

e« the information available is not sufficient for a decision
and further testing is necessary at a higher tier.

Testing is conducted in this tiered structure only to the tier at
whi ch a deci sion of conpliance or non-conpliance can be nade.
Deci si ons of conpliance can be nmade i ndependently for each
"managenent unit" of dredged material delineated. Managenent
units are discussed in Sections 2.3 and 2.4 of the G.TEM and
Appendi x D.

The major decision criteria for dredged nmaterial eval uations
were pronul gated by the USEPA and USACE in the 404(b) (1)
Gui del i nes, published as final in 1986. The water quality
st andards adopted by States are also decision criteria for a
dredged material evaluation. Qher decision criteria were
established by the USEPA and USACE as part of gui dance publi shed
inthe "Inland Testing Manual" and GLTEM For sone projects,
addi tional decision criteria will be devel oped by the USACE in
consultation wth the USEPA during the planning phase.

Most of the decision criteria are relative, based on a
conpari son of the proposed dredged material with the sedi nent at
t he di sposal site. The physical and chem cal characteristics of
dredged material and disposal site sedinents, and results of
bi ol ogi cal effect-based tests with these materials are conpared
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to make deci si ons about conpliance and the need for further
testing. Sonme of these conparisons are quantitative (statistica
significance) while others are nore qualitative (weight of
evidence). The disposal site is considered as a single unit
(i.e., one value with a known uncertainty for each paraneter) and
serves as the source of conparison for all managenent units.

Absol ute decision criteria for dredged naterial eval uations
have been devel oped for water colum toxicity tests results and
conpliance wwth State water quality standards. The follow ng
sections discuss the intended use of each type of data collected
for the four tiers.

3.3.1 Historical data and records

Hi storical data and records are conpiled during Tier 1 in
order to determine if any additional data collection is necessary
for a determ nation of conpliance. Sources of these records are
di scussed in the GLTEM and Appendi x C. Historical data can be
used as decision points in Tier 1 to determne the applicability

of the exclusions fromtesting. |In one decision point, historic
data is used to determ ne the absence of contam nation in the
proposed dredged material. In the other decision point, historic

data on the physical, chem cal and biological characteristics of
sedi nents from adj acent dredging and di sposal sites are conpared,
as follows:

| F the physical, chem cal and biological characteristics of
sedi nents at the proposed dredgi ng and di sposal sites are
not substantially different and the geochem cal environnments
at the sites are simlar, THEN no further testing should be
necessary to nake a contam nant determ nation

Tier 1 decision points are based on a "wei ght-of-evidence"
approach. Hi storical datasets can al so be used as a deci sion
point in Tier 1 where there is adequate information of previous
Tier 2 and/or 3 testing to make a determ nati on.

3.3.2 Field neasurenents

Fi el d observations and neasurenents are conducted as part of
every sanpling event, and may be used in dredged nateri al
eval uations for a nunmber of purposes, including:

establish positions of sanpling |ocations,

assess di sposal site or managenent unit honobgeneity,
characterize site conditions at the tinme of sanpling,
identify and/or characterize the sanples collected, and
as i nput paraneters for the m xi ng nodel
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Fi el d observations and neasurenents nmay be used as deci sion
points in Tier 1 evaluations, in conjunction with historic
i nformati on.

3.3.3 Physical characterization of sedi nent

Physi cal characteristics of sedinents are used as a deci sion
point in Tier 1 to determne the applicability of exclusions from
testing, as discussed above. Sedinent physical neasurenents are
al so used in conjunction with other information as foll ows:

e indicators of sedinent heterogeneity for use in sanpling
desi gn,

e identify appropriate control and di sposal site sedinents,
e input paranmeters to the m xi ng nodel, and

e adjust and/or eval uate contam nant concentrations
measured (e.g., adjust wet weight to dry wei ght
concentrations).

3.3.4 Chem cal analysis of sedinent

Sedi nent bul k chem cal concentrations can be used as a
decision point in Tier 1 to determne the applicability of
exclusions fromtesting, as discussed above. |In sone cases, new
physi cal and chem cal data are collected to verify a decision in
Tier 1.

Sedi nent chem cal data is also used as part of two decision
points in Tier 2. The data is used as input to the m xi ng nodel
to determine the potential for exceeding State water quality
st andar ds:

| F the cal cul ated water columm concentrations of al

contam nants of concern at the edge of the m xing zone are
within applicable State water quality standards and |IF no
interactive effects are suspected, THEN the proposed dredged
mat eri al di scharge should not adversely affect the water

col um.

| F the cal cul ated water colum concentrations exceed
applicable State water quality standards, THEN the nodel
must be re-run using elutriate concentrations.

Chem cal concentrations of bioaccunul ati ve contam nants of
concern and total organic carbon (TOC) in the dredged materi al
and di sposal site sedinent are used as input to the TBP nodel to
determ ne the potential for benthic bioaccunulation in the
dredged material, relative to the disposal site:
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| F the calculated TBP fromthe proposed dredged material is
not greater than that of the disposal site material, THEN
bent hi ¢ bi oaccumul ation testing for the specific contam nant
i's not required.

| F the cal culated TBP fromthe proposed dredged materi al
exceeds that of the disposal site material, THEN a benthic
bi oaccunul ation test is required.

The TBP decision point is limted to non-polar organic
contam nants and sedi nents having TOC greater than 0.4 percent.

Sedi ment bul k chem cal data is also used in conjunction with
other information as foll ows:

e to develop or nodify the contam nants of concern |ist,

e to indicate distribution of sedinment contam nants for the
del i neati on of managenent units for subsequent sanpling, and
e identify appropriate control and di sposal site sedinents.

3.3.5 Chemcal analysis of water and elutriate

The results of the standard elutriate tests serve as the
input to the mxing nodel for determning if the dredged materi al
di scharge will exceed applicable State water quality standards,
after allowi ng for m xi ng:

| F the cal cul ated water columm concentrations of al

contam nants of concern at the edge of the m xing zone are
within applicable State water quality standards and |IF no
interactive effects are suspected, THEN the proposed dredged
mat eri al di scharge should not adversely affect the water

col um.

| F the cal cul ated water col unm concentrati ons exceed
applicable State water quality standards outside the m xing
zone, THEN the discharge would not be in conpliance UNLESS
the State wai ved 401 certification

| F State water quality standards do not exist for al
contam nants of concern, or IF interactive effects are
suspect ed anong paraneters, THEN water columm inpacts nust
be eval uated by the bioassays in Tier 3.

Chem cal data for elutriates can also be used to identify

pot enti al non-contam nant inpacts to biological test conditions
(i.e., amonia toxicity). Elutriates prepared for biological
testing are routinely nonitored to assure that test conditions
are maintained within acceptable limts.
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3.3.6 Water colum toxicity tests

| f a contam nant determ nation is not reached in Tier 1, and
there are potential interactive effects of dredged materi al
contam nants, the inpacts of the dredged material discharge on
the water columm will have to be assessed in Tier 3. Appendix G
describes protocols for water colum toxicity tests for three
organi sns and two exposure periods. The G.TEM recommends t hat
only one test organismneed be utilized for a Tier 3 assessnent,
ei t her Daphni a magna or Ceriodaphnia sp. and that only the acute
(short-term exposures and survival end-point be used at this
tine.

The GLTEM suggests that the water colum toxicity tests be
first run only with the 100-percent elutriate, and interpreted as
fol |l ows:

| F the survival in the 100-percent elutriate treatnent is
not statistically different fromthe dilution water using a
two-sanple t-test, THEN the elutriate is predicted not to be
acutely toxic to water columm organi sns.

| F the survival in the 100-percent elutriate treatnent is
greater than 50 percent, AND the calculated elutriate
concentration at the edge of the mxing zone is |less than
0.01 of the 100-percent elutriate, the dredged materi al

di scharge is predicted not to be acutely toxic to water
col utm organi sns outside the m xing zone.

If the survival in the 100-percent elutriate treatnent is |ess
than 50 percent, the water columm tests nust be rerun using a
dilution series in order to calculate the LG, The m xi ng nodel
is then used to calculate the concentration at the edge of the
m Xi ng zone:

| F the concentration at the edge of the m xing zone is |ess
than 0.01 of the LG, the dredged material discharge is
predicted not to be acutely toxic to water colum organi sns
out side the m xi ng zone.

| F the concentration at the edge of the m xing zone is
greater than 0.01 of the LG, the dredged materi al
di scharge is not in conpliance.

3.3.7 Benthic bioassays
|f a contam nant determnation is not reached in Tier 1, and
there are potential interactive effects of dredged materi al

contam nants, the inpacts of the dredged material discharge on
benthic organisns will have to be assessed in Tier 3. Appendix G
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descri bes protocols for two benthic organi sns; Chirononus tentans
and Hyalella azteca. The G.TEM recommends that both test

organi sns should be utilized for a Tier 3 assessnent, and that
survival (both organisns) and gromh (C. tentans only) end-points
be neasured.

The results of benthic bioassays with the proposed dredged
material are statistically conpared to those of the disposal site
material. Evaluations are made using Fisher's Least Significant
Difference (LSD) when the response of two sanples neans i s being
conpared. The LSD is usually perfornmed follow ng with analysis
of variance (ANOVA). Wien paranetric tests are not appropriate
for multiple conparisons because the nornmality assunption is
vi ol at ed, nonparanetric procedures shoul d be enpl oyed.

The results for survival and growth are eval uated
i ndependent | y:

| F the nmean survival of either test organi sns exposed to the
proposed dredged material is not Iess than that wth the

di sposal site material by nore than 10-percent (20-percent
for C. tentans), OR the survival of either test organi snms
exposed to the proposed dredged material is not
statistically less that wth the disposal site material,
THEN t he dredged material should not adversely affect the
bent hos.

| F the nmean survival of either test organi sns exposed to the
proposed dredged material is less than that with the

di sposal site material by nore than 10-percent (20-percent
for C. tentans), AND the survival of either test organisns
exposed to the proposed dredged material is statistically

| ess that with the disposal site material, THEN the dredged
mat eri al woul d have unaccept abl e adverse inpacts on bent hos.

| F the nean weight of C. tentans exposed to the proposed
dredged material is equal to or greater than 0.6

mg/ organism OR is not |less than that with the disposal site
material by nore than 10 percent, ORis not statistically

| ess than that with the disposal site material, THEN the
dredged material should not adversely affect the benthos.

| F the nmean weight of C. tentans exposed to the proposed
dredged material is less than 0.6 ng/organism AND is |ess
than that with the disposal site material by nore than 10
percent, AND is statistically less than that with the

di sposal site material, THEN the dredged material would have
unaccept abl e adverse inpacts on bent hos.
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Unaccept abl e survival for either test organismor for C tentans
gromh will produce a negative determ nation

3.3.8 Bioaccumul ation tests

If a contam nant determ nation is not reached in Tier 1, and
there are bi oaccunul ative contam nants of concern, and if the
results of TBP nodel analysis in Tier 2 indicates the potenti al
for unacceptabl e bi oaccurmul ation, the inpacts of the dredged
mat eri al di scharge on benthic bioaccunmul ation will have to be
assessed in Tier 3. Appendix G describes a test protocol for
bent hi ¢ bi oaccumul ati on in Lunbricul us vari egat us.

The concentrations of bioaccunul ati ve contam nants of
concern in the tissues of the organi sns exposed to the dredged
material are conpared to those in organisnms exposed to the
di sposal site materi al

| F the contam nant concentrations in the tissue exposed to
the dredged material does not statistically exceed that of

ti ssue exposed to disposal site material, THEN the dredged
mat eri al shoul d not have unacceptabl e bi oaccumul ati on

i npacts.

| F the contam nant concentrations in the tissue exposed to
the dredged material is statistically greater than that of
ti ssue exposed to disposal site material, THEN the dredged
mat eri al woul d have unacceptabl e adverse inpacts on bent hos.

3.3.9 Tier 4 site specific testing

Testing procedures and decision criteria for Tier 4 wll be
devel oped jointly by the USACE and USEPA for project specific
applications. |In nost cases, the decision criteria wll be
simlar to those used in Tier 3, based on a conparison of
bi ol ogi cal effects of organisnms exposed to dredged material and
di sposal site material or the responses of organi sns exposed to
dredged material elutriate preparations.

3.4 Data Quality Indicators

Data quality indicators (DQs) are neasurable attributes
that are used to assess if the necessary quality of data was
attained. Indicators include sensitivity, accuracy, precision,
conpl et eness, representativeness and conparability. Acceptance
limts for the DQ s for each neasurenent represent a m ni mum
standard of performance required of project design, equipnent, or
met hods.

Acceptance criteria for project DQs should be specified in
proj ect planning docunents as well as associated contractual
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docunents. \Wen performance does not neet these acceptance
criteria, corrective actions should be initiated i medi ately.
Corrective action should also be initiated when seven or nore
results within acceptance criteria forma trend. |f acceptable
per f ormance cannot be obtai ned, the sanples and/or neasurenents
may be qualified or invalidated during internal verification or
external validation. Only valid data can be interpreted and
assessed prior to making decisions. A detailed discussion of
data quality indicators is provided in Attachnent E-1.

For the GLTEM the m ninmum acceptance limts for DQ s
correspond to the QC acceptance criteria stated in the protocols
in Appendices F and G These protocols are sunmari zed in table
E-2. Tables E-3 through E-6 sumari ze the sensitivity or nethod
detection limt, precision, and accuracy for the neasurenents in
Appendices D, F and G These DQ's should be suitable for nost
dredged material evaluations. However, DQs may have to be
nmodi fied or established for specific neasurenent needs. For
proj ect nmeasurenents which have nore than one intended use, the
stricter DQ requirements should generally apply.

Tabl e E-2 Standardi zed Met hods in Appendices F and G

Par anet er Wat er / Sedi nment
Elutriate
Total solids - +
Particle size N A +
Total volatile solids + +
Specific gravity - +
Total dissolved solids + -
Tot al suspended solids + -
Ammoni a- ni trogen + +
Cyani de, Tot al + +
Arsenic, Total + +
Cadm um Tot al + +
Chrom um Tot al + +
Copper, Tot al + +
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Table E-2 Standardi zed Met hods in Appendices F and G (conti nued)

Mer cury, Total + +
Ni ckel , Tot al + +
Lead, Tot al + +
Zinc, Tot al + +
Par anet er Wat er / Sedi nment
Elutriate

Total organi c carbon + +
Total phenol s + +
Total petrol eum + +
hydr ocar bons

Total PCBs and pesticides + +
Pol ynucl ear aromatic + +

hydr ocar bons

Ceri odaphni a dubi a + -
Chi rononus tent ans - +
Daphni a magna + -
Hyal el | a azteca - +
Pi mephal es pronel as + -
Lunbri cul us vari egat us - +

N A = not applicable

Qui dance for setting DQ s for non-typical neasurenents is
di scussed in Section 3.5. Additional DQ guidance is provided in
USEPA (1993d) and Sturgis (1990).

3.4.1 Field neasurenents

CGeneral guidance on field nmeasurenents associated with
sedi nent sanple collection is provided in Appendix D. No
specific DQ s have been devel oped for field neasurenents
associated with Great Lakes dredged material eval uations. USACE
districts may establish DQ s for field neasurenents as part of
SOPs for sedi nent sanpling.
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Table E-3 Data Quality Indicators for Physical Characterization of Sedi nment
Measur enent I ntended Data Uses MDL2 Preci si on Accur acy
Particle size o deternine exclusion fromtesting 0. 001g RPD <10% each N A
e input variable to m xi ng nodel fraction
e conpare dredgi ng and di sposa
sites
» choose control sedinent for
bi oassays
Specific gravity e input variable to m xing nodel 0. 001g < 10% N A
e compare dredgi ng and di sposa
sites
Total volatile e deternine exclusion fromtesting 0. 001g < 10% N A
solids (% dry) e input variable to m xi ng node
e conpare dredgi ng and di sposa
sites
Total solids (% e input variable to m xing nodel 0. 001g < 10% N A
o« for calculating dry weight
results

2 method detection limt determned by sensitivity of balance (1 np)

Legend:

N A=not applicable
RPD=r el ati ve percent difference between duplicates




Table E-4 Data Quality Indicators for Physical Characterizations of Water/Elutriate
Measur enment | nt ended Data Uses Sensitivity Preci si on Accur acy
Total dissol ved e input paraneter to m xi ng nodel 0. 001g® < 10% N A
solids (ng/l) e noni tor biological test conditions
Total suspended e input paraneter to m xi ng nodel 0. 001g® < 10% N A
solids (ng/l) e noni tor biological test conditions
Total volatile solids 0. 001g® < 10% N A

Har dness (ng/l CaCQ,)

e adjust chemical elutriate
concentrations of Cd, Cu, Cr*%, Pb, Ni,
Zn (criteria @100 ng/l, std tables and
regressi on equations exist)

e noni tor biological test conditions

pH

e adjust chemical elutriate
concentrations of anmoni a and phenol s

e noni tor biological test conditions
Di ssol ved oxygen e noni tor biological test conditions
Tenper at ure e noni tor biological test conditions

2 method detection limt determned by sensitivity of balance (1 np)

Legend:

N A=not applicable




Table E-5 Data Quality Indicators for Chem cal Conposition of Sedinents
Measur enent I ntended Data Uses MDL(dry Preci si on Accur acy®
wei ght)
Ammoni a- N o deternmine exclusion fromfurther testing 0.1 ny/ kg < 20% + 15%
e input variable to water quality screening
nodel
e conpare dredgi ng and di sposal sites
Arsenic (total) e sane as ammoni a-N 1 ny/ kg < 20% + 15%
Cadmi um (total) e sane as ammoni a-N 1 ny/ kg < 20% + 15%
Chromi um (total) e sane as ammoni a-N 20 ng/ kg < 20% + 15%
Copper (total) e sane as ammoni a-N 5 ng/ kg < 20% + 15%
Lead (total) e sane as ammoni a-N 10 ng/ kg < 20% + 15%
Ni ckel (total) e sane as ammoni a-N 15 ng/ kg < 20% + 15%
Mercury (total) e sane as ammoni a-N 2 ugl kg < 20% + 15%
Zinc (total) e sane as ammoni a-N 30 ng/ kg < 20% + 15%
Total cyanide e sane as ammoni a-N 2 ngl/ kg < 20% + 15%
Total organic carbon e sane as ammoni a-N 0.1% < 20% + 15%
e input paraneter to TBP nodel
Total petrol eum e sane as ammoni a-N 5 ngl/ kg < 20% + 15%
hydr ocar bons e indicator paraneter for presence of PAHs
Total phenols e sane as ammoni a-N 0.1 ny/ kg < 20% + 15%
e input paraneter to TBP nodel
Total pol ychlorinated e sane as ammoni a-N 10 wgl/ kg® < 25% + 30%
bi phenyl s e input paraneter to TBP nodel 1 wgl kg
Pol ynucl ear aromatic e sane as ammoni a-N 50 wugl/ kg < 25% + 30%
hydr ocar bons e input paraneter to TBP nodel

@ Accuracy within () of known or certified value, whichever is |arger.

b Lab control sanple recommended be devel oped for accuracy check with acceptance linmt of
+ 3 standard devi ations from nmean val ue.

¢ MDL for pesticides.



Table E-6 Data Quality Indicators for Chem ca

Conposition of Water/El utri ates

Measur enent I ntended Data Uses MDL2 Preci si on Accur acy
Ammoni a- N i nput variable to m xi ng nodel 30 wgl/L < 20% + 15%
conpare to State water quality standard
noni tor bi ol ogi cal test conditions
Arsenic (total) i nput variable to m xing nodel 75 ugl/ LP < 20% + 15%
conpare to State water quality standard
Cadmi um (total) same as Arsenic 1 ug/L < 20% + 15%
4 uglL®
Chromium (total) same as Arsenic 1 ug/L < 20% + 15%
7 uglLe
Copper (total) sanme as Arsenic 1 ug/L < 20% + 15%
6 wugl/L®
Lead (total) sanme as Arsenic 50 ug/L < 20% + 15%
Ni ckel (total) sanme as Arsenic 25 ugl/ L < 20% + 15%
Mercury (total) sanme as Arsenic 0.2 ug/L < 20% + 15%
Zinc (total) sanme as Arsenic 20 wgl/ L < 20% + 15%
Total cyanide sanme as Arsenic 5000 wng/L < 20% + 15%
Total petrol eum i ndi cator paraneter for PAHs 100 wg/L < 20% + 15%
hydr ocar bons
Total phenols sanme as Arsenic 50 wg/L < 20% + 15%
Total pol ychlorinated sanme as Arsenic .01 ug/L < 25% + 30%
bi phenyl s
Pol ynucl ear aromatic sanme as Arsenic 10 wg/L < 25% + 30%

hydr ocar bons

[ @ 2]

o

Si ngl e val ues shown represent MDL for netal by ICP

Sanme limts for

both I CP and GFAA
MDL for ICP, which is acceptable if value is < criteria.
Detection limt for

i ndi vi dual congeners.




3.4.2 Sedinent sanple collection

Fi el d bl anks and duplicate sanples are commonly used to
assess sanpling precision and accuracy for nmany environnent al
medi a, but neither are recommended for routine dredged nateri al
sanpling because of the difficulty in interpreting results and
t he non- honogeneity of sedinments. Representativeness is the
primary DQ for sedinent sanpling, and rational e behind nost of
t he procedures for managenent unit delineation, collection, and
sanpl e honogeni zati on recomended i n Appendi x D.

3.4.3 Physical and chem cal anal yses

M ni mrum acceptable | evels of sensitivity, precision and
accuracy for physical and chem cal anal yses of sedinent, water,
elutriates and tissues as part of Geat Lakes dredged materi al
eval uations are listed for each nethod in Appendi x F and
summari zed on tables E-3 through E-6. The chem cal anal ytica
procedures were selected, in part, because of their ability to
reliably nmeasure chem cal concentrations at background | evels
representative of the Geat Lakes waters and sedi nents.

3.4.5 Toxicity and bioaccunul ation tests

Procedures and acceptance criteria for sensitivity
(reference toxicants), precision (mnimum nunber of replicates)
and accuracy (organismverification and test conditions) are
listed in Appendix G

3.4.6 Mbdel eval uations

The "I nland Testing Manual" and GLTEM utilize two nodels to
predi ct water colum inpacts and bi oaccunul ati on potential. The
sensitivity and accuracy of nodel cal cul ati ons cannot be
evaluated in the traditional sense since the sensitivity of the
output to changes in the input(s) will vary with the function of
the input variable(s) in the algorithm The sensitivity of a
particular output will depend on the dom nant input variabl e(s)
for a project, and has to be evaluated on a paraneter-specific
basi s.

Preci sion of nodel outputs should be cal cul ated by using
each replicate data point rather than the average of the
replicates. A mninmum acceptable | evel of precision for the two
nodel s does not exist. However, if a sufficient nunber of
replicates were tested, m ninmum acceptable | evels of precision
can be determ ned using a statistical test for outliers. This is
beyond t he scope of nobst dredged nmaterial eval uations.
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3.5 Special Project Needs and Alternate Procedures

During the planning of a project, it may becone evident that
nodi fied or new procedures will be required. Reasons for
requiring new or nodified procedures include:

e« sedinent sanpling procedures recommended in Appendi x D
are not feasible or will not satisfy project DQCs,

e contam nant of concern list includes paranmeter(s) for
whi ch an approved anal ytical nmethod is not provided in
Appendi x F,

e matrix effects have limted the usability of results
generated using the approved nmethods in Appendi x F, and

e any Tier 4 testing.

For projects requiring new or nodified procedures, additional

| ead-tine will be needed for planning, docunentation and
coordination. The data quality objective process (discussed in
Section 2.4) should be conpleted to ensure appropriate procedures
and associ ated QA QC are chosen

Standard nmethods are easier to incorporate into a project
t han nmet hod nodi fication or new nethod devel opnent. "Standard
nmet hods" are published nethods which have been approved by a
recogni zed authority and may generally be incorporated directly
into project docunents. Mdified and new net hod perfornmance nust
be evaluated prior to QAPP preparation. Method nodification and
devel opnent typically require special contract-SON.

It is inmportant to distinguish nmethod nodifications from
options stated in the nmethod. Modifications are changes to
specific instructions in the method and may affect the validity
or quality of results. Options are variations, allowed at the
user's discretion, which should not affect the validity of
results if appropriate performance i s maintained.

Perm ttees or USACE contractors may propose alternative
standard procedures to those in Appendices D, F, and G of the
GLTEM Detail ed descriptions of the alternative nethods and
denonstration of their ability to neet project DQ0s should be
submtted to the USACE for review and approval prior to their
use. The USACE may consult with the USEPA on alternate nethod
acceptance and can dism ss data not obtained by accepted
pr ocedur es.

3.5.1 Setting decision criteria
The decision criteria for data utilized in Tiers 1, 2, and

3, as discussed in Section 3.3, are not changed for data
collected using alternate nethods. For Tier 4 evaluations there
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are no specific protocols recomended, and project-specific
decision criteria will have to be devel oped for all tests
utilized. 1In nost cases, Tier 4 decision criteria will be based
on conparisons of results with dredged material and di sposal site
mat eri al .

3.5.2 Selection of methods and setting DQ s

The selection of DQ s and nethods are inherently rel ated.
Very often, the available nethod(s) is the determ nant for
sensitivity/ method detection [imt, conparability and
representativeness as well as to a |l esser extent, precision,
accuracy, conpl eteness.

Sanple collection and handling: The primary DQ consi dered
in selecting sanpling equi pnrent and procedures is sanple
representativeness. Refer to section 4 of Appendix D for
gui dance i n choosing appropriate sanpl e handling equi pnmrent and
t echni ques.

Physi cal and chem cal analytical nethods: Paraneters which
are not included in Appendi x F should be anal yzed using a
"standard nethod", if available. The "Inland Testing Manual "
whi ch has a nore extensive list of paraneters than the GLTEM
shoul d be consulted for method recommendati ons. For paraneters
not discussed in the "Inland Testing Manual ", nethods approved
for the Cean Water Act (Federal Register Volune 49, Nunber 136,
Cct ober 26, 1984) or the Resource Conservation and Recovery Act
(Federal Register Volune 58, Nunber 167, August 31, 1993) nay be
appropriate, depending on the constituent and matrix. O her
possi bl e nmet hod references are USEPA (1979; 1983; 1991b; 1993e;
1993h), Plunmb (1981), and APHA/ AWM (1993).

Modi fications of "standard procedures” nay be needed to
achieve a |ower MDL, neasure a new anal yte, renove interferences,
and validate a nethod for a new sanple matrix. Lower MDLs can be
attai ned by increasing sanple size and concentrating the sanple
into a smaller volune. Interferences can be physically
renmoved fromthe sanple prior to analysis, or by nmanipul ati ons
during or after analysis. Physical renoval of interferences
typically requires additional "clean-up" steps and associated C
be perfornmed. A new analyte may be neasured in a sedinent matrix
using a nodification of procedures used for water and wastewater
analysis if sedinent preparation and appropriate clean-up
procedures are included.

Bi ol ogi cal effects-based tests: Mdifications to the
toxicity and bi oaccunul ati on tests described in Appendix G and
new tests for Tier 4 application should not be pursued w thout
USACE and USEPA coordi nation. The "Inland Testing Manual" has a
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listing of alternate test organi sns which nmay be consi dered,

al t hough not all are appropriate for application to G eat Lakes
dredged material evaluations. Oher possible nethod references
i ncl ude USEPA (1993i; in prep) and ASTM (1993).

3.5.3 Review and approval of new or alternate nethods

St andard operating procedures: Mdified standard nethods
and new net hods devel oped shoul d be docunented as an SOCP.
Gui dance for preparing SOPs is provided in Attachnent E-2.
Protocol format should be simlar to those in the Appendices D, F
and G The procedure to be used to validate the nmethod should be
described in detail. Criteria for "acceptabl e nethod
performance"” should be included in the procedure. Both the type
and anount of data, and the acceptance criteria should be set by
reviewi ng project data quality objectives.

For alternate standard nethods not in Appendices D, F, and
G laboratories nmay prefer to substitute the SOP with a reference
to the nmethod nanual and procedure nunber(s) and an addendum page
speci fying any options listed in the nethod.

Met hod verification and validation: WMdified and new
sanpling procedures should be tested prior to collection of
sanples, if reasonably possible. The verification of performance
is not as rigorous as the validation procedure for |aboratory
tests. Performance of the sanpler is typically assessed in terns
of percent sanple recovery and reproducibility. Bias should be
determ ned by conparing sanples collected with two or nore
different types of sanplers.

For nodi fied standard nethods, a single |aboratory
eval uati on shoul d be perfornmed which include the foll ow ng:

1) lIdentifies the limts of reliable nmeasurenent. Two
concentrations should be sel ected, one near the | ower and one
near the upper end of the response range. Four to ten replicates
of each concentration should be anal yzed to verify that
sensitivity, precision and accuracy do not deteriorate at either
extrene.

2) ldentifies nethod precision and accuracy using a single
concentration of a standard reference material. Four to ten
successive analyses (i.e., a series that yields valid responses
by follow ng the nmethod protocol) are typically conducted for
each step. The determ nation of method precision, for exanple,
requires that ten successive i ndependent anal yses be conducted on
the sane sanple material. Miltistage calculations to determ ne
the requi red nunmber of anal yses m ght be conducted as nore
i nformati on becones avail able on the expected variance. However,
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10 analyses wll allow the test |aboratory to estimate the
standard deviation to wwthin 45%of its true value (at a 95%
confidence interval). Each value nust represent a valid test
response and, therefore, includes whatever QC anal yses (e.g.
bl anks, replicates. etc.) are required in the original nmethod
protocol to ensure a valid test response.

3) Have performance-based matri x-specific QC data to
eval uate data quality paraneters such as precision, accuracy,
uncertainty, conpleteness, representativeness, and conparability.
This includes, as a m ni num

« MDL or reference toxicant study,

e met hod bl anks or negative control,

e matri x spike or analysis of test materials and associ at ed
mean/ percent recovery data for at |east three representative
types of materials,

e standard deviation data fromreplicate anal yses (n>3),

e calibration or response range, and

e method interferences and [imtations.

Ful | validation of new nethods requires:
1) Evaluating performance during single-laboratory testing.

2) ldentification of procedural variables that nust be
carefully controlled (ruggedness testing).

3) Evaluating nethod sensitivity by sequential analysis.

4) Evaluating systematic error (bias). Tested materials
shoul d include certified reference materials or reference
materials, or synthetic sanples based upon availability of each
material for the specific test.

5) Using performance-based matri x-specific QC data to
calcul ate fal se positive and fal se negative rates as a function
of concentration and uncertainty as a function of concentration.

6) Multi-laboratory (mninmumof 3 |abs) confirmation
testing.

Revi ew and approval: The results of nethod
verification/validation should be docunented and submtted with
the proposed SOP to the USACE for review and approval. The USACE
W Il coordinate the review with the USEPA and ot her experts, as
necessary.
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3.6 Quality Assurance Project Plans

As stated in Section 2.5, the purpose of Quality Assurance
Project Plans (QAPPs) is to docunment how QA/ QC activities are
pl anned, inplenented, and assessed during the life cycle of a
project. Since 1980, the USEPA has required a QAPP fornat that
follows the 16 essential elenents. Use of a standard format
pronot ed consi stency between projects and expedited preparation
and review of the docunents. However, the devel opnent and review
of a QAPP does represent a significant effort.

QAPPs have not been routinely prepared for dredged materi al
eval uations, and the tine and effort required for devel opi ng and
coordinating traditional QAPPs are beyond the resources of
typi cal dredgi ng projects and woul d cause unacceptabl e del ays in
Section 404 permt decisions. However, the conplexity and cost
of testing procedures required by the GLTEM necessitate that
qual ity assurance procedures be docunented in sone form

3.6.1 Modified QAPP format

A nodified QAPP format has been adopted for Geat Lakes
dredged material eval uations which provides the sanme information
as the traditional 16-sectioned QAPP, but gives project managers
flexibility in how and where this information is docunented. The
proj ect manager always has the option of generating a traditional
16-secti oned QAPP.

The nodified QAPP format was devel oped to mnim ze the
duplication of information by allow ng the GL.TEM and ot her
proj ect docunments containing the relevant information to be
cited. Several project docunents are devel oped which may contain
the informati on about the proposed dredgi ng and di sposal, data
col l ection inplenentation, and quality assurance, including:

Tier 1 evaluation reports,

data col |l ection plans (DCPs),

proj ect coordination docunents, and
scopes of work (SOW) for contracts.

For many projects, the majority of the QAPP can be devel oped
sinply by cross-referencing the 16 critical elenents with
exi sting project docunents. The elenents of the nodified QAPP
and possible informati on sources are sumari zed on table E-7. A
nore detailed discussion of the QAPP contents is provided in
Attachnment E- 3.

3.6.2 Applicability

This nodified QAPP format is applicable to the ngjority of
proposed dredged material discharge projects, where the DQCs,
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Table E. 7

QAPP El enent Cont ent and Sources

El ement Descri ption Content s Pot enti al Sources
1 Title and signature page e signatures of project nmanager, QA e Origina
coordi nators, field and | ab managers
2 Tabl e of contents « sel f evident e Origina
3 Proj ect description » description of proposed dredgi ng and di sposal e Tier 1 evaluation
actions report
* background information (see Section 3.7 of « DCP
GL.TEM
e objectives of dredged naterial eval uation
» project decisions and decision criteria
e sanpling plan
4 Proj ect organi zati on and e organi zation plan which identifies key « QAMP
responsibility personnel and assigns responsibilities for « DCP
i npl enent ati on
5 Sanpl i ng and neasur enent « DQ's  Appendices D, F & G
qual ity objectives « DCP or SOW (for
nodi fied or new
procedur es)
6 Sanpl e col l ection and e sanpling equi prent and procedures * Appendi x D
handl i ng procedures * sanpl e containers « DCP
« sanpl e handling and storage e SOWN (contract)
7 Sanpl e docunent ati on, e sanpl e | abeling and docunentation * Appendi x D
custody and tracking e chai n-of - cust ody procedures « DCP
e bulk sanple transfer/distribution e SOWN (contract)
8 Cal i bration procedures e identify anal ytical equi pnent or instrunents  Appendices D, F & G
and frequency » describe calibration procedures « DCP or SOW (for
nodi fied or new
procedur es)
9 Field and | aboratory e SOPs for anal ytical nethods  Appendices D, F & G

neasur enent procedures

« DCP or SOW (for

nodi fi ed or
pr ocedur es)

new




10 Internal quality control e identify stages where QC checks are nmade to  Appendices D, F & G
checks calculate DQ s e DCP or SOW (for
e identify all QC sanples and checks nodi fi ed or new
pr ocedur es)
11 Dat a reduction, e describe reduction of raw data to final units * Appendices D, F & G
verification, » describe verification » DCP
del i verabl es and data « describe validation procedures e SOWN (contract)
val i dation and reporting * specify reporting requirenents
12 Performance audits and o describe pre-award | aboratory inspections and « QAMP
systens inspections criteria « DCP
e describe internal and external audits e SOWN (contract)
e reporting requirenents and formats
13 Equi prent /i nstrunment e identify equipnment or instrunments requiring * Appendices D, F & G
mai nt enance and mai nt enance » DCP
consumabl es i nspection « descri be mai ntenance protocols e SOWN (contract)
e verify availability of critical spare parts
e discuss how repairs will be made
e di scuss how supplies and consunabl es are
i nspected and acceptance criteria
14 Procedures to assess » describe procedures to assess data usability « QAMP
data usability for project decision « DCP
» describe procedures to assess data « SOWN (contract)
acceptability for contract paynent
15 Corrective action e list activities potentially requiring » Appendices D, F & G
corrective action » DCP
e describe nmechanismto inplenent corrective « SOWN (contract)
actions
« format for reporting
16 Qual ity assurance « describe QA reports to managenent « QAMP

reports




DQ's, and procedures of the GLTEM and appendices are utilized
w t hout significant nodification. This approach may al so be
applicable for projects using other "standard nethods", if the
met hod SOP contains all of QAPP-required nethod and QC

i nformati on.

For projects involving substantial nodifications to approved
met hods, or new net hods requiring extensive outside review or
conpilation of information (i.e., non-typical paraneters, site-
specific or Tier 4 testing), a traditional 16-sectioned QAPP may
be efficaci ous.

3.7 Data Quality Assessnents

A DQAis a quantitative process that focuses on whether the
data can be used to nake project decisions and, if not, what the
use limtations are. DQA applies to all types of validated
environnental data, including field nmeasurenents and nodel
results. How DQA is performed and by whom shoul d be specified
in each project QAPP.

Val i dated data shoul d be assessed for conpliance with
project DQ0s. Special enphasis should be placed on how overal
DQs (e.g., sensitivity, precision, accuracy, conpleteness
representativeness, conparability) were derived fromthe data.
The data assessor should conpare the precision and accuracy
achieved with that required to verify that the neasurenent system
was in control and net the project objectives. The degree of
preci sion and accuracy serve as an estinmate of the uncertainty,
and influence the I evel of confidence with which decisions are
made. Audit findings and corrective actions should be revi ewed
since they may affect the reported error estimations and pl ace
limts on the uses of certain sanple val ues.

Dat a conpl et eness can be assessed for two purposes;
conpliance with a contract scope of work, and conpliance with the
anount of data required for decision nmaking. The first
assessnent is nade to determine if the ternms of a contract have
been fulfilled prior to paynent. The conpl eteness of the final
valid data set is assessed to determne if sufficient information
is avail able to nake a determination with the required degree of
confi dence.

The data assessor nust verify that the field design, sanple
coll ection and handling, |aboratory subsanpling and anal ysis were
performed according to criteria and procedures identified in the
QAPP. In addition, each type of neasurenent should be conpared
wWith previous information and correlated with other project data
to check the reasonabl eness and validity of results. Statistical
and graphi cal nethods nmay be used for such conpari sons.
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One comon test is the "outlier test” which verifies that
all values of the set statistically "belong". Depending on the
i nportance of the data and project requirenents, outliers nay be
accepted and identified or rejected and selectively renoved. |If
the reason for an outlier can be explained, it can generally be
removed froma data set. Qutliers renoved froma data set nust
be reported and the reasons for their renoval justified. Data
may be analyzed with and wi thout outliers.

The DQA shoul d be docunented as part of the final report on
project data and interpretation.

3.8 Quality Assurance Program Assessnents

Performance audits and systeminspections of field and
| aboratory activities should be conducted to verify that work is
in accordance with specified requirenents. The type and
frequency of audits conducted by personnel internal and external
to the organi zation should be specified in project QAPP. These
types of audits and inspections nay be used by:

e contracting personnel to assess contractor capability and
performance prior to contract award,

e project managenent and QA personnel to evaluate the
quality of generated data and nonitor the effectiveness of
the project QA plan, as designated in the project QAPP, and
e contract personnel to nmonitor conpliance with the

organi zation's QA plan, contract SOM, or project QAPPs.

Performance audits and system i nspections should be conducted by
i ndi viduals not directly involved in the process. Internal
audits shoul d be conducted by managenent and QA personnel in the
organi zati on responsible for performng the work. External
audits nmay be conducted by the USACE or USEPA.

3.8.1 Pre-award | aboratory inspections

Because dredged material testing for a project is typically
conducted at one tine, and because of the limted holding tines
for sedinents, problenms with | aboratory performance di scovered
after testing has begun may not be correctable. |If |aboratory
performance is not acceptable, sanple collection and anal ysis may
have to be repeated entirely. For these reasons, it is
i nperative that | aboratory qualifications and performance be
assessed before analysis is started.

| nspections and audits should be used to assess | aboratory
capability and performance prior to contract award. USACE
regul ations require that all |aboratories performng work for the
USACE be inspected prior to contract award. USACE districts wll
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al so inspect contract |aboratories for permt applicants, upon
request. USACE gui dance on | aboratory contracting and

i nspections is provided in USACE (1988) and Sturgis (1990).
USACE di strict QAMPs may include nore specific requirenments for
| aboratory inspections. General guidance on | aboratory

i nspections is also found in I SO1EC (1990) and USEPA (1991a).

Laboratories should be required to have docunented records
of performance for all nethods to be enployed. |f the |aboratory
has proposed to conduct a nmethod it has not previously used, or
has i nsufficient performance records, an initial performance
study shoul d be conducted for each nethod prior to anal ysis of
sanples. The initial performance study shoul d be repeated any
time there is a major change in equi pnment or in the nethod.

For anal ytical procedures, the initial performance study
typically consists of assessing precision and accuracy for 4-7
replicates for sanples spiked at 10x the MDL. The procedure
should be witten in the SOP along wth initial acceptance
criteria and triggers for repeating the study.

For toxicity tests, intralaboratory precision of the range
for the test should be determ ned by performng five or nore
tests with different batches of test organi sns, using the sanme
reference toxicant, at the same concentrations, wth the sanme
test conditions, and sane data anal ysis nethods. A reference
toxi cant concentration series (0.5 or higher) should be sel ected
that will consistently provide partial nortalities at two or nore
concentration of the test chem cal.

For biol ogi cal evaluations, the |aboratory should al so
denonstrate its conpetence by conducting five control exposures.
It is recormended that these five exposures be conducted
concurrently wwth five reference tests. For whol e sedi nent
tests, laboratories should al so denonstrate their personnel are
able to recover an average of at |east 90% of the organisns from
whol e sedi nent .

Bl i nd perfornmance sanples (discussed bel ow) shoul d be used
to evaluate | aboratory perfornmance prior to contract award, or at
| east prior to initiation of project testing, when there is still
an opportunity to correct problens.

3.8.2 Project-specific assessnents

Project-specific audits and inspections should be perfornmed
at the onset of field activities wth periodic follow up
i nspections to correct any deficiencies previously observed and
to verify that QA procedures are maintained throughout the
process. The focus of these audits and inspections is to eval uate
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t he degree of conformance of activities wth the project QAPP and
contract SOM. Any problens encountered should be discussed with
t he project manager and conveyed to contracting personnel.

Performance audits: Audit sanples (also known as blind
sanpl es) should be representative of sanples to be anal yzed under
the contract, and should be of a known or cal cul able value with a
95% confidence interval (preferably a 95%tol erance interval)
established using a technically valid anal ytical procedure(s).
The USACE has established an interlaboratory testing program
i nvol vi ng anal ysis of identical sanples by nultiple | aboratories
in order to assess the continuing capability, performance, and
progress of each participating | aboratory (USACE 1989). |If a
| aboratory has never participated in the program the results
fromparticipation in other audit sanple prograns nay be
eval uated as an indicator of performance or other accreditations
consi der ed.

Audit sanples may be included for analysis with project
sanples. The QA Coordi nator conpares the results with the known
val ues and possibly with values fromother |aboratories. |If
performance is unsatisfactory, the data fromthat |aboratory
shoul d not be accepted until adequate perfornmance has been
denonstr at ed.

Hi storically, performance eval uati on sanples for chem cal
| aboratories have been prepared by fully honogeni zi ng and
repeatedly testing either contam nated environnmental sanples or
cl ean sanples spiked with certified reference materials or
primry standards. Split sanples for physical, chem cal, and
bi ol ogi cal | aboratories have been prepared fromfully honogeni zed
envi ronmental sanples. Audit sanples for sedinments and water can
be obtained fromcomercial suppliers. Audit sanples for
sedi nrents and water can al so be obtained fromthe U S. Arny
Engi neer Wat erways Experinment Station through the appropriate
USACE di strict.

Split sanples: Split sanples are project sanples which have
been split for concurrent analysis by two or nore | aboratories
(see discussion in Attachnment E-1). Because of the |ack of
sanpl e honogeneity, field-split sanples are not generally
recommended for sedinents. Sedinent sanples which have been
honogeni zed in the | aboratory are nore suitable for split sanple
anal ysi s.

The contractor is typically responsible for splitting and
sendi ng sanples to the USACE or referee | aboratory. The
contractor and referee | aboratories transmt results to the QA
Coordi nator of the contracting organi zati on, who anal yzes these
results and verifies that they are wwthin the predeterm ned
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acceptabl e range using paired T-tests or scatter plots of the two
| aboratories results.

| f performance is unacceptable, the | aboratory shoul d repeat
the split sanple analysis as part of the next sanpling event. |If
performance is unacceptable on the second split field sanple
anal ysis, the |aboratory should evaluate instrunent and QC
procedures, nmake necessary changes, and repeat the split field
sanpl e analysis as part of the next sanpling event. |If
performance i s unacceptable on the third split field sanple
anal ysis, this non-perfornmance nay be considered as a
contributory cause for termnation for default of the contract.
The | aboratory typically bears the cost of non-acceptable
per f or mance.

Laboratory inspections: Laboratory inspections may be
necessary after contract award and during project inplenmentation
to assure conpliance with requirenents specified in the SOV and
verify inplenmentation and effectiveness of the corrective actions
suggested in previous audits. For indefinite delivery (open-end)
contracts, laboratory inspections should be perforned at |east
every two years after award to nonitor continued adherence to
requi renents of the contract. Unresolved inspection deficiencies
may be considered as a contributory cause for term nation by
default of the contract.

Field inspections: A representative of the contracting
organi zati on should be present during all field sanpling
activities to assure conpliance with the SOWN and QAPP.

Assessnent reports: Audit and inspection reports should
i nclude the date of the evaluation, information reviewed, person
perform ng the evaluation, findings and problens, and corrective
actions recommended to resolve problenms. Specific exanples of
non- conpl i ance or nonconformty should be docunented in the
report as well as possible reasons for such deficiencies. These
reports should be submtted to the project manager inmmedi ately
follow ng any internal or external on-site inspection or upon
receipt of the results of any performance eval uation audits.

3.8.3 Data validation

Validation is an audit of data quality (ADQ that determ nes
if the data is of known quality, defensible, free of
transcription errors, and conplete. Validation applies to al
types of environnental data, and the procedures and persons
responsi ble for validation should be specified in the QAPP
according to the organi zation's QAMP and GLTEM r ecommendat i ons.

For Great Lakes dredged naterial evaluations, a m nimm of
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10% of environnmental data or one sanple per batch, whichever is
greater, should be validated. General guidance on data
val i dation procedures is provided in Attachnment E-4. Wen

probl ens are found during validation of a data set, the frequency
shoul d be increased. The recomended frequency for new
measurenents and nmethods, critical paranmeters, and difficult

anal yses is 25%

Val i dati on shoul d be perfornmed by an i ndependent reviewer
(1.e., external to the organization that collected or analyzed
t he sanpl es) using approved, nethod-specific SOPs. USACE
district QA Coordinators will validate data collected by their
contractors and data provided by permt applicants using the
gui dance provided in Attachnment E-4 and SOPs devel oped in
district QAMPs.

3.8.4 Corrective action

Corrective action may be required for two cl asses of
probl ens; procedural and non-conpliance. Procedural problens
i ncl ude equi prent failures, breaks in custody, and docunmentation
errors. Nonconformance wth the established QA procedures in the
QAPP or DCP should be identified and corrected in accordance with
procedures in the QAPP and associated SOPs. Nonconpliance
probl ens i ncl ude unapproved changes in sanple design, data
anomalies, and audit failures. A formal corrective action
program shoul d be determ ned and i npl enented when a nonconpli ance
problemis identified.

The need for corrective action is identified by technical
personnel who performthe daily activities. |f the problem
persists or cannot be resolved, the matter is referred to
managenent and QA personnel for further investigation. Technica
staff should not initiate corrective action w thout prior
approval through the proper channels. Managenent shoul d approve
the change in witing or verbally prior to inplenentation, if
feasi bl e, through the sanme channels. Managenent is responsible
for ensuring that corrective action are initiated by:

eval uating all reported nonconformances,

controlling additional work on nonconformng itens,
determ ning disposition or action to be taken,

mai ntai ning a | og of nonconf or mances,

revi ewi ng nonconformance reports and corrective actions,
and

e ensuring nonconformance reports and corrective action
menos are included in the project file.

If corrective actions do not correct the problem the nmanager
shoul d stop work until successful corrective action can be taken.
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Corrective action for field sanpling may include:

e recoll ecting the sanpl e,
e sanpling at a different |ocation, or
e using a different sanpling device/ procedure,

Corrective action for field neasurenents may i ncl ude:

repeat the measurenent to verify the error

check for proper adjustnent for anbient conditions,
check batteries,

check calibration, and

replace the instrunent or neasurenent device.

Laboratory corrective action is dependent on the type of analysis
and the event. Laboratory personnel are alerted that corrective
actions may be necessary if:

e sanples are received in inproper/|eaking containers

W t hout proper preservation or docunentation,

e quality control data are outside the warning or acceptable
wi ndows for precision and accuracy,

bl anks contain target anal ytes or negative controls have
responses above acceptable |evels,

e undesirable trends are detected in spi ke recoveries or
positive controls, or precision between replicates,

e there are unusual changes in nethod detection limts or
organi smsensitivity,

 performance and/ or system deficiencies are detected by the
QA personnel during internal or external audits, or

e inquiries concerning data quality are received.

Corrective actions for data nmanagenent may be necessary during
data review and data validation, such as:

e obtaining mssing informati on or recovering | ost data,

e recal cul ate data, or

e correcting transcription errors on forns, reports, and
dat abases.

After assessing the data, the project manager may decide to
repeat sanple collection and/or anal yses based on the extent of
the deficiencies and their inportance in the overall context of
the project. Issues which may trigger additional work are:

e insufficient or nonrepresentative sanpl es,
 sanples |lost due to breakage, loss of integrity

(e.g., lack of preservation, exceed holding tinme) or
i nsufficient volune for testing, or
e method not "in control™, producing invalid results.
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Nonconf or mances and corrective actions should be docunented
in field and | aboratory | og books. Changes may be requested
verbally or by change request forns that are signed by the
initiators and managenent. Nonconformance reports and corrective
action nenos should be prepared by field or |aboratory
managenent, and descri be the nonconfornmance or nonconpliance and
its significance, recomended solution(s), results of corrective
actions, and alternative corrective action (if necessary).
Reports and nenos should be submtted directly to the project
manager. Nonconformance and corrective actions records shoul d be
sent with project results to the data validator.

E- 40



4. REFERENCES

Anerican Public Health Association (APHA), Anerican Water Wrks
Associ ation (AWM), Water Pollution Control Federation (WPCA).
1993. Standard nethods for the analysis of water and wastewater,
18t h edition, APHA/ AWM WPCF, Washi ngton, DC.

Anerican Society of Testing Materials (ASTM. 1993. Annual Book

of ASTM St andards, Vol une 11.04, ASTM Phil adel phia, PA

I nternational Standards Organization (1SO/ (I1EC. 1990.
"CGeneral Requirenents for the Conpetence of Calibration and
Testing Laboratories”, I1SOIEC Guide 25, Geneva, Switzerl and.

| SO | EC Gui de 38 "General Requirenents for the Acceptance of
Testing Laboratories".

Karn, R A and A B. Strong. 1989. "Quality assurance

gui delines for organic analysis,” Technical Report EL-89-18,
Water Quality Research Program U.S. Arny Engi neer Waterways
Experiment Station, Vicksburg, M.

Moore, DDW, Dillion T.M, Wrd, J.Q, and Ward, J. A  1994.
"Quality assurance/quality control (QA& QC guidance for

| aboratory dredged material bioassays; Results of QA& QC workshop
hel d May 26-27, 1993, in Seattle, Washington," M scell aneous
Paper D-94- , U. S. Arny Engineer Waterways Experinent Station,
Vi cksburg, Ms.

National Institute of Standards and Technol ogy (NI ST). 1992.
"Use of NI ST SRvs for decisions on performance of anal yti cal
chem cal nmethods and | aboratories,” Special Publication 829,
NI ST, Gaithersburg, MD.

NI ST. 1993. "Handbook for SRM Users," Special Publication 260-
100, NI ST, Gaithersburg, MD.

North Central Division (NCD). 1994. "Quality assurance
managenent program (QAMP) for environnental data collection,”

NCD Regul ati on NCDR 1110-2-27, U S. Arny Engineer D vision, North
Central, Chicago, IL.

Plunb, R H, Jr. (editor). 1981. "Procedures for the handling
and chem cal analysis of sedinments and water sanples,"” Techni cal
Report EPA/ ACE-81-1, prepared by State University Coll ege at

Buf fal o, Great Lakes Laboratory, Buffalo, NY for U S

Envi ronmental Protection Agency and U. S. Arny Engi neer Waterways
Experiment Station, Vicksburg, M.

E-41



Sturgis, T.C. 1990. "Cuidance for contracting biological and
chem cal eval uations of dredged material," DOTS Technical Report
D-90-10, U. S. Arny Engi neer \Waterways Experinent Station,

Vi cksburg, Ms.

USACE. 1970. "lLaboratory soils testing," Engineer Manual EM
1110-2-1906, Departnment of the Arny, Headquarters, Ofice of the
Chi ef of Engi neers, Washi ngton, DC

USACE. 1974. "lLaboratory investigations and material testing,"
Engi neer Regul ation ER 1110-1-8100, Departnent of the Arny,
Headquarters, O fice of the Chief of Engineers, Washi ngton, DC

USACE. 1976. "Water quality data collection, interpretation and
application activities," Engineer Regulation ER 1130-2-415,
Departnent of the Arny, Headquarters, Ofice of the Chief of

Engi neers, Washi ngton, DC

USACE. 1979. "USACE work for others; Laboratory investigations
and material testing," Engineer Regul ati on ER 1140- 1- 210,
Departnent of the Arny, Headquarters, Ofice of the Chief of

Engi neers, Washi ngton, DC

USACE. 1980. "Quality control of water quality field sanpling
activities," Engineer Technical Letter ETL 1110-2-252,
Departnent of the Arny, Headquarters, Ofice of the Chief of
Engi neers, Washi ngton, DC

USACE. 1986a. "Contracting guidelines for water quality and

ot her chem cal analyses,” Engineer Technical Letter ETL 1110-2-
298, Departnent of the Arny, Headquarters, Ofice of the Chief of
Engi neers, Washi ngton, DC

USACE. 1986b. "Quality assurance of |aboratory testing
procedures,"” Engineer Regul ation ER 1110-1-261, Departnent of
the Arny, Headquarters, Ofice of the Chief of Engineers,
Washi ngt on, DC

USACE. 1987. "Safety and Health Requirenents Mnual ," Engi neer
Manual EM 385-1-1, Departnment of the Arny, Headquarters, Ofice
of the Chief of Engineers, Washington, DC

USACE. 1988. "Water and wastewater |aboratory inspections,”
Engi neer Technical Letter ETL 1110-2-309, Departnent of the Arny,
Headquarters, O fice of the Chief of Engineers, Washi ngton, DC

USACE. 1989. "lInterlaboratory testing programfor chem cal

anal yses," Engi neer Regulation ER 1110-1-1401, Departnent of the
Arny, Headquarters, O fice of the Chief of Engineers, Wshi ngton,
DC

E-42



USEPA. 1979. "Methods nanual for bottom sedi mnent sanple
col l ection,” EPA 905/ 4-85-004, Central Regional Laboratory,
Chi cago, |IL.

USEPA. 1982. "Handbook for sanpling and sanple preservation of
wat er and wastewater," EPA-600/4-82-029, Environnental Systens
and Monitoring Laboratory, C ncinnati, OH

USEPA. 1983. "Methods for the chem cal analysis of water and
wast es, " EPA- 600/ 4-79-020, Environnmental Systens Monitoring
Laboratory, G ncinnati, OH

USEPA. 1987. "Quality assurance and quality control (QN¥ QC) for
301(h) nonitoring prograns; QGuidance on field and | aboratory

met hods, " EPA 430/ 9-86/ 004, Marine Operations Division,
Washi ngt on, DC

USEPA. 1991a. "Manual for the evaluation of |aboratories
perform ng aquatic toxicity tests," EPA/ 600/4-90/031,
Envi ronnmental Monitoring Systenms Laboratory, C ncinnati, OH

USEPA. 1991b. "Methods for the determ nation of nmetals in
envi ronnment al sanpl es,"” EPA/ 600-4-91/010, Ofice of Research and
Devel opnent, Washi ngton, DC.

USEPA. 1991c. "Preparation aids for the devel opnment of category
Il quality assurance project plans," EPA/ 600/8-91/004, Ofice of
Research and Devel opnent, Ri sk Reduction and Engi neering
Laboratory, G ncinnati, OH

USEPA. 1993a. "Content requirenents for quality assurance
project plans, Revision 4," R5-QAS-93-001, Region 5, Quality
Assurance Section, Chicago, |IL.

USEPA. 1993b. "EPA requirenents for quality managenent plans,"”
EPA Q¥ R-2, Quality Assurance Managenent Staff, Washi ngton, DC

USEPA. 1993c. "EPA requirenents for quality assurance project
pl ans for environnment data operations,” EPA Q¥ R-5, Draft,
Qual ity Assurance Managenent Staff, Washington, DC

USEPA. 1993d. "Quidance for planning for data collection in
support of environnmental decision-making using the data quality
obj ectives process," EPA Q¥ G4, Quality Assurance Managenent
Staff, Washi ngton, DC

USEPA. 1993e. "Methods for the determ nation of inorganic

substances in environnental sanples,” EPA/ 600-R-93/100, Ofice of
Research and Devel opnent, Washi ngton, DC

E-43



USEPA. 1993f. "Quality assurance manual for environnental data
coll ection, Region 2, Environnental Services Division, Edison,
NJ.

USEPA. 1993g. "Test nethods for evaluating solid waste:
Physi cal / chem cal nethods,"” SW846, Third Ed., |ncluding Update
1, Ofice of Solid Waste and Energency Response, Washi ngton, DC.

USEPA. 1993h. "Methods for the determ nation of nonconventi onal
pesticides in nmunicipal and industrial wastewater," Revision I
Vol unmes | and 11, EPA-821-R-93-010-A/B, August 1993.

USEPA. 1993i. "Methods for neasuring the acute toxicity of

effluents and receiving waters to freshwater and marine

organi sns,"” Fourth Edition, C|. Wber (editor), EPA-600/4-90-
027F, Environnmental Monitoring and Systens Laboratory,

G ncinnati, OH

USEPA. 1994a. "Quidance for preparing, conducting, and
reporting the results of managenent systemreviews," QA G 3,
Qual ity Assurance Managenent Staff, Washington, DC

USEPA. 1994b. "Model quality assurance project plan for water
progranms (check title), R5-QAS/ WD-94-003, Region 5, Environnental
Sci ences Division and Water Division, Chicago, IL

USEPA. in prep. "Methods for neasuring the toxicity and
bi oaccunul ati on of sedi ment- associated contanm nants with
freshwater invertebrates,” EPA 600/ R-94/924, Environnental
Research Laboratory, Duluth, M\

USEPA/ USACE. 1998. "Evaluation of dredged material proposed for

di scharge in waters of the U S.-Testing manual (Inland Testing
Manual ), " EPA-823-B-98-004, O fice of Water, Washi ngton DC

E- 44



ATTACHVENT E-1
Data Quality Indicators

1. Sensitivity and Method Detection Limt (IMDL)

Definitions of sensitivity and nethod detection |imt (ML)
are different for anal ytical procedures which neasure
concentrations/levels, biological tests which neasure effects,
and nodel s which sinul ate processes.

1.1 Field neasurenents

For reasonably stable field measurenent equi pnent, the ML
may be synonymous with the sensitivity of the equipnent. This is
typically an inherent quality in equipnment design and can be
obt ai ned from manufacturer's specifications. Be aware, however,
that manufacturer's specifications are set under strictly
controll ed conditions and may not be achi evabl e under field
condi ti ons.

1.2 Physical and chem cal anal yses

Physi cal characterizations vary in conplexity from sinple
procedures whose sensitivity is limted by the inherent quality
of the equipnent (simlar to sinple field equipnent) to nethods
using instrunments for which MDLs are statistically cal cul ated.
Each | aboratory should determ ne the MDL at |east annually for
each sanple matrix in each nmethod and for each instrunent which
perforns the analysis at the |aboratory. The MDL should be re-
determ ned after major changes in the nethod or instrunent. Mbst
met hod protocols contain procedures to verify the ML
periodically (e.g. daily, weekly). The actual MDL for a given
sanple is never determ ned and may be higher than the | aboratory
MDL due to interferences in the sanple or as a result of diluting
heavily contam nated sanples so the instrunment response is within
the linear, calibrated range.

For chem cal anal ytical procedures, sensitivity is the
smal | est i ncrenental change which can be detected. Method
detection imt is the smallest concentration which can be
determ ned with a known degree of confidence. The MDL, a
procedure adopted by USEPA, is simlar to the Limt of Detection
(LOD) used by the Anerican Chem cal Society (ACS) but is
calculated differently. The MDL should not be confused with an
instrunment detection limt (1DL) which does not reflect the
entire nethod/ protocol.

A second limt commonly associated with the MDL (LOD) is the
M ni mum Level (M.). The M., a procedure adopted by USEPA, is

E-1-1



simlar to the Limt of Quantification (LOQ used by the ACS.

Hi storically, USACE conservatively defines the LOQ as 10 ti nes

t he standard devi ati on observed for the | owlevel standard or

bl ank sanple which is equivalent to 3.18x the MDL. |In practice,
the ML (LOQ equals the |lowest calibration point.

Both the MDLs and LOQs are specific to a |l aboratory. For
any given protocol, the MDL and associated LOQ varies with
equi pnent, sanple volune processed, and sanple matrix and
conplexity. For 404(b)(1) projects, MDLs should be one-fifth to
one-tenth, but no greater than one-third, the appropriate val ue
critical to the decision making process (i.e. the "action
level"). The MDL should be the reporting limt (RL). Sanple
val ues above the MDL but below the M./LOQ are considered to be
estimated data and shoul d be used as a qualitative indicator of
"presence" rather than a "quantitative val ue".

Because precision and accuracy vary with concentration, sone
| aboratories may prefer to evaluate and set paraneter MDLs (LODs)
and associated M.s (LOQX) to achieve a uniformlevel of precision
and accuracy for all paraneters.

1.3 Toxicity and bioaccunul ation tests

The sensitivity of biological evaluations cannot be
evaluated in the traditional sense since the test neasures a 'net
effect' rather than response to any one sanple characteristic or
set of known conponents. However, the sensitivity (i.e. dose
response) of a species to individual reference toxicants or
reference material can be quantified.

Contrary to anal ytical nethods, reference toxicant tests are
performed on a routine basis (at least nonthly) to nonitor the
sensitivity of the in-house culture or verify the sensitivity of
shi pped organi sms. The | aboratory should cal cul ate acceptabl e
limts and control charts for each reference toxicant and test
organism Controls charts are used to evaluate the cunul ative
trend of results froma series of sanples. Endpoints fromfive
tests are adequate for establishing the control charts. In this
technique, a running plot is nmaintained for the val ues from
successive tests. Control limts (+2 SD) are recalculated with
each successive test result. CQutliers, which are values falling
out side the upper and |ower control limts, and trends of
i ncreasing or decreasing sensitivity, are readily identified
using control charts. Tests conducted during the tinme the of the
outlier reference toxicant test should be considered as
provi si onal and subject to careful review
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1.4 Mbdel cal cul ati ons

The sensitivity of nodel cal cul ati ons cannot be evaluated in
the traditional sense since the sensitivity of the output to
changes in the input(s) wll vary with the function of the input
variable(s) in the algorithm The sensitivity of a particular
output will depend on the dom nant input variable(s) for a
project, and has to be evaluated on a paraneter-specific basis.

2. Accur acy

Accuracy is the degree of agreenent of a neasurenent (or an
average of replicate neasurenents), X, wth an accepted reference
or true value, T. Accuracy is expressed as the difference
between the two values, X-T, or the difference as a percentage of
the reference or true value, 100 (X-T)/T, and sonetines expressed
as aratio, XT. For an unknown sanple, it is inpossible to
determ ne the true accuracy of the neasurenent. Therefore,
accuracy i s assessed through the anal ysis of negative controls/
bl anks and positive control s/knowns, with the assunption that the
met hod was calibrated and "in control" during the nmeasurenent.

2.1 Field neasurenents

The accuracy of sinple neasurenents varies with the type of
measur enent and equi pnent. Most instrunment manuals w il provide
an estimate of instrunment accuracy, which does not include
sanpling variability. Accuracy of sone field neasurenents may be
i npossi ble to neasure because there are no standards to serve as
ref erences.

2.2 Sedinent sanple collection

Sources of sanpling bias and inprecision cannot be neasured
because no standards exist to serve as references. |nappropriate
equi pnent and cross contam nation are the two nbst comon sources
of error. Potential sanpling error can be m nim zed by
controlling sanple design and collection protocols. Blank and
duplicate sanples, which actually are a neasure of sanpling
preci sion, are used to assess sanpling accuracy for sone
envi ronnent al nedi a.

Trip blanks are used to assess the potential for
contam nation of sanples due to contam nant mgration during
sanpl e shi pnent and storage. A clean sanple is taken fromthe
| aboratory to the sanpling site and returned to the | aboratory
unopened. Typically, this type of blank applies only to liquid
sanples collected for volatile analysis. Trip blanks are
collected at a frequency of one per cooler or a m ninum of one
per 20 sanpl es, whichever is greater.
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Fi el d bl anks (equi pnent rinsates) are anal yzed to check for
procedural contam nation at the facility which may cause sanpl e
contam nation. Field blanks consist of a pouring anal yte-free
wat er over decontam nated sanpling equi pnent as a check that the
decont am nati on procedures has been adequately carried out and
that there is no cross-contam nation of sanples occurring due to
the equi pnent itself.

Anal ysis of field blanks is perfornmed for all analytes of
interest, but is typically required only when aqueous sanples are
being collected. Field blanks are not required for solid sanples
because it is difficult to interpret results and the associ at ed
QC costs for analysis of a different sanpling matrix (water) can
be prohibitive. The need for field blanks nmay be avoi ded by
using the sanple contai ner as the sanpling device, and pre-
rinsing the container with the sanple prior to sanple collection.

One field blank should be collected for each type of
equi pnent used each day field decontam nation is perforned, but
are required only for liquid matrices. The rinse nust be
performed sequentially on all pieces of equi pnent used in the
sanpling protocol. The field blank should be collected at the
begi nning of the day prior to the sanpling event and that bl ank
must acconpany those sanples which were taken that day, at a
m ni mum frequency of one for every ten or fewer investigative
sanples. This is a necessary procedure so that the blank will be
associated wth the proper sanples during data validation.

For trip or field blanks to be acceptable for use with the
acconpanyi ng sanpl es, the concentration in the blank of any
anal yte of concern nust, typically, be no higher than the highest
of either:

the nethod detection limt,
e 5%of the action |evel for that anal yte, or
e 5%of the measured concentration in the sanple.

Bl ank val ues are never subtracted fromsanple results, but are
reported separately.

2.3 Physical and chem cal anal yses

Accuracy for |aboratory neasurenents is typically assessed
by anal yzi ng | aboratory bl anks and known or blind reference
materi als and, for organic analyses, performng matri x spi kes on
sel ected sanpl es and addi ng surrogates for each sanple. However
before accuracy for any sanple set can be assessed using bl ank,
spi ke, surrogate and reference results, equi pnent calibrations
must be performed and acconplished within the established limts
to define the accuracy of the equipnment. |In addition, test-
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speci fic performance checks nonitor test conditions during
anal ysis of the sanpl es.

Calibration: Calibration my be defined as a conpari son of
a measurenent standard or instrunment with known accuracy with
ot her standard or instrunment to elimnate deviations by
adjustnment. Calibration accuracy is critically dependent on the
purity and reliability of the standard; standards should be
traceable to a national standard. Standards may be prepared in
the | aboratory fromneat materials or purchased as a pre-m xed
concentrate.

Cal i bration must be performed under the same instrunental
and chem cal conditions as those that will exist during the
measurenent process. Initially, a mninmmof three different
concentrations of calibration standards shoul d be neasured,
preferably at |east five. The concentrations of the calibration
standards nust bracket the expected concentration of the analyte
in the sanples. \Were possible, the calibration curve should be
generated by suitable regression analysis of the net signal for
the concentration. No data should be reported beyond the range
of calibration.

For organic analysis, calibration standards may be external
or internal. External standards are typically the target analyte
bei ng detected and are anal yzed separate from environnment al
sanples. Internal standards are conpounds which sinmulates the
anal yte of interest (e.g. deuterated isotope) that are added to
each QC and environnental sanple analyzed. The ratio of internal
standard response to the anal yte response at the sane
concentration is called the response factor. The response factor
must be relatively constant over the calibration range if it is
to be used to cal cul ate anal yte concentrations.

Anot her technique, typically used for netal analysis, is the
met hod of standard addition where successive, increasing known
anounts of analytes are added to the sanple or aliquots of it.

It is essential to shown either the spiked chem cals equilibrate
wi th the correspondi ng endogenous ones, or that the recovery of
t he spi ked chemcals is the sane as the recovery of the

contam nant from sanples (wthin experinmental error) over the
full range of concentration |evels to be anal yzed.

The frequency of calibration and calibration checks depends
on the type of calibration (e.g. internal or external), accuracy
requi renents, stability of the instrunent, sanple load for the
| aboratory. External calibrations may be perfornmed daily,
weekly, or even nonthly. |If external calibration is not
performed daily, a minimmof two calibration checks (at the
begi nning and end of the day) should be nade. Unstable systens
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may require additional checks after every 10th sanple.

Test -specific performance checks: Additional instrunent and
met hod performance checks are specific to the equi pnent and
met hod. I nstrunment and net hod perfornmance check procedures,
frequency, acceptance criteria and corrective actions may be
found in instrument nmanuals and the nethod protocol.

Met hod bl anks: The nethod blank is used to docunent
contam nation resulting fromthe analytical protocol. A nethod
blank is a matrix to which all reagents and preservatives are
added in the sanme volunes or proportions used in sanple
processing. The nmethod bl ank must be carried through the
conpl ete preparation and anal yti cal protocol

The m ni num frequency of nmethod bl anks is one per batch of
sanpl es processed within a work shift. If nore than 20 sanpl es
are included in a batch, analyze one for every 20 sanples. This
frequency should be increased to a m ninumof 10% for new
paraneters and nmethods. The nmethod blank is typically acceptable
if the concentration of any analyte of concern in the matrix is
no hi gher than the highest of either:

the nethod detection |imt,
e 5%of the action |evel for that anal yte, or
e 5%of the measured concentration in the sanple.

Bl ank val ues are never subtracted fromsanple results, but are
reported separately.

Matrix spike: A matrix spike is an aliquot of sanple
(blanks do not require separate matri x spi ke or duplicate
anal yses) spiked with a known concentration of target anal ytes.
The spi king occurs prior to sanple preparation and analysis. The
added concentration should not be | ess than the background
concentration of the sanple selected. Ildeally, the fortified
anal yte concentrations should be 10 tines the MDL or the action
| evel , whichever is less. A matrix spike is used to docunent the
bias of a nmethod in a given sanple matri x.

Matri x spi kes should be analyzed at a m ni num frequency of
one per 20 sanples or one per sanple batch, whichever frequency
is greater. This frequency should be increased to a m ni num of
10% f or new paraneters and net hods.

Warni ng and control limts should be established using the
mean value froma mninmumof 20 to 30 anal yses. The warni ng
limt should be + 2 standard devi ations of the nmean and the
control limt should be + 3 standard devi ati ons of the nean.
After each five to ten new neasurenents (i.e. daily), newlimts
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shoul d be cal culated using only the nost recent 20 to 30 data
points. These limts should never exceed those determ ned during
the initial performance study. Wen neasurenents fall outside
established control Iimts, that nmethod is judged out-of-control
and the source of the problem should be identified and resol ved
bef ore conti nui ng.

Surrogates: For organic chem cal anal yses, surrogates
provi de informati on about the effectiveness of the nethod to
recover and detect the analyte. A surrogate nust be simlar to
the target analyte(s) in chem cal conposition and nethod
behavi or, but should not be found in environnmental sanples. The
surrogates are added to every sanple aliquot, calibration
standard, and blank in known anounts before extraction and are
measured with the sane procedures used to neasure other sanple
conponent s.

The purpose of the surrogate analyte is to nonitor nethod
performance with each sanple. The recovery of the surrogates in
each sanmpl e and bl ank shoul d be evaluated wth respect to
| aboratory control limts (established using a procedure simlar
to that used for matrix spikes) and continuously tracked.

M ni mum percent recoveries for each analyte is typically 70-130%

Ref erence sanples: The Internal Standards O gani zation (1SO
defines two types of reference sanples: reference materials and
certified reference material s.

A reference material (RM, not to be confused with the
di sposal site material used in dredged material evaluations, is a
mat eri al or substance with one or nore properties which are
sufficiently well established to be used for the calibration of
an apparatus, the assessnent of a neasurenent nethod, or for
assigning values to materials (1SO 1989). It is inportant to
note that a given RM cannot be used for nore than one purpose.
Separate RVMs nust be obtained fromdifferent sources (i.e.,
vendors or lots of material) for instrument calibration and
internal QC. For nonitoring instrument accuracy, reference
mat eri al s shoul d be anal yzed at |east quarterly as well as with
each | arge batch of sanples.

A certified reference material (CRM is a reference materi al
with one or nore property values certified by a technically valid
procedure, acconpanied by or traceable to a certificate or other
docunentation which is issued by a certifying body (ISO 1989).
CRMs provide a QC test on the entire analytical process from
sanpl e preparation to the final reporting of results. For this
reason, CRMs are typically used to docunent the bias of the
anal ytical process during nethod validation and to conpare
per f ormance anong | aboratori es.
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CRM val ues shoul d be obtained through nulti-lab (typically
>20 | aboratories) analysis using the nethod(s) specified on the
Certificate of Analysis acconpanying each sanple. CRM val ues
shoul d be cal cul ated using the +95%tol erance interval (TI)
rather than a +95% confidence interval (Cl). The Tl estinmates
the uncertainty for the individual user unlike the CI which is a
measure of certification of the participating | abs and not the
CRM The Tl is typically broader (2-6x) than the correspondi ng
Cl. CRMvalues based on 2 tines the standard devi ation of the
mean are not statistical and should not be used.

Sources of CRMs are listed in USEPA (1994b). When CRMs are
not available, materials that have been fully honpbgeni zed and
repeatedly tested can be used. These materials may be
contam nat ed environnmental sanples or clean sanples spiked with a
certified reference materials (or primary standards). Currently,
CRMs are not avail able for physical sedinent characterizations,
all chemcal pollutants in sedinment, or for biological effects
tests. CRMs issued by the National Institute of Standards and
Technol ogy (NI ST) are called standard reference materials (SRMWs).

Docunent ati on acconpanyi ng reference sanpl es shoul d:
descri be applicable matrices and anal ytes; state if concentration
| evel s are based on anal yses of an entire subsanple or anal yses
of an extraction fraction, and nethod of testing; describe
honogeneity assessnent of the final unit; describe m ni num sanpl e
size for testing; describe how bul k material was processed; give
handl i ng and storage instructions, preparation and expiration
dates (if applicable), and; |ist the nanme, address and phone
nunber of the producer. Additional information on the
preparation and application of CRMs (SRMs) can be found in N ST
1992; 1993).

2.4 Toxicity and bioaccunul ation tests

Quantitative determ nation of precision and accuracy is
difficult or may be inpossible in sone cases due, in part, to the
many unknown vari abl es whi ch affect organi smresponse.

Determ ning the accuracy using field sanples is not possible
since the true values are not known. Since there is no
acceptabl e reference material suitable for the determning the
accuracy of these tests, their accuracy has not been determ ned.

Accuracy for biological evaluations can be assessed through
t he use of negative controls and long-termnonitoring of the
coefficients of variance anong reference toxicants. These
results, however, are valid only if organisns are appropriate
(e.g. taxonony verified, proper sex and age) and exhi bit good
heal th and normal behavior, and test conditions (e.qg.,
t enperature, dissolved oxygen) were maintained within pre-set
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acceptance limts throughout the study. Test end point outliers
are generally nore inportant than test condition outliers.

O ganismverification: Since taxonom c verification
requires qualified experts (whose opinions may differ), reference
t oxi cant response should be considered as the primary neans of
assessing test organi sm appropri ateness. The source of test
organi sms shoul d be docunented as well as the response to
reference toxicants. |If possible, a subsanple of test organisns
shoul d be preserved.

For each test, the age of the organisnms should be
docunented. |If age cannot be determ ned, the nean size or
bi omass at testing tinme should be recorded. Verification of
| oadi ng rates via double counting is necessary as an internal QC
check. At the end of a test, 10% of all endpoints should be
verified by another observer.

Culture and test conditions: Environnental conditions for
cul turing/acclimtion of organi sns and during exposures should be
nmoni t ored and mai ntai ned as specified in the test protocol.
Parameters nmeasured typically include water quality paraneters
and environnental conditions which affect organismhealth, care
and handl i ng.

Bl anks: Negative controls consist of the water in which the
organi sns have been raised (elutriate test) or a control sedi nent
(whol e sedinent test). The organismin the control sanples
shoul d be required to equal or exceed specific criteria (e.qg.,
90% survival ) indicating normal health and behavior stipulated in
the testing protocol.

Laboratory water should be checked annually (nore often, if
necessary) for trace contam nants. In addition, when
appropriate, test-organismfood and tissues of test organisns
held in culture should al so be analyzed periodically for the
presence of trace contani nants.

Ref erence toxicants and materials: The response of a given
culture of organisns to a known quantity of reference toxicant or
a reference material can be evaluated prior to a study, during a
study, and over tinme. The reference toxicant chosen should have
an established interlaboratory and intral aboratory dat abase.

Ref erence toxicants often used for freshwater systens are

pot assi um chl ori de, copper, and zinc. Currently, there are no
commercial reference materials available in the quantity required
for biological evaluations.

Control charts are constructed by plotting successive
toxicity values for each reference toxicant. The nean and

E-1-9



standard deviation are recal cul ated wth each successive pl ot
until the statistics stabilize. Control charts are used to
assess whether test organismsensitivity to a given reference
toxicant is within interlaboratory and intral aboratory control
limts (+2 standard devi ations) established for that reference
toxicant. A significant change in response or a stable trend
(n=7) requires investigation and possi bl e replacenent of the
cul ture.

2.5 WModel cal cul ati ons

Accuracy for nodel cal cul ati ons cannot be evaluated in the
traditional sense. The verification of a nodel is a significant
undertaking, requiring a substantial database and is not a
reasonabl e burden for individual projects. Project data should
be evaluated to confirmthe chosen input values and assunptions
were appropriate. The accuracy of input values should reflect
the sensitivity of the nodel to specific paraneters.

3. Pr eci si on

Precision is defined as the degree of mutual agreenent anong
i ndependent, simlar, or repeated neasurenents. Various neasures
of precision exist depending upon the "prescribed simlar
conditions". Typically, precision is assessed through the use of
replicate sanples or neasurenents, and determ ning the
statistical relationship anong the results conpared to the nean.
For triplicate sanples or neasurenents, the percent relative
standard deviation (%SD) is cal cul at ed.

3.1 Field neasurenents

Precision of field nmeasurenents is assessed by collecting
replicate readings on a sanple or standard at the frequency
stated in the nethod. At a mninmum precision should be checked
at the beginning and end of the day. Instrunment calibration nust
be valid. Precision should be within the variance indicated in
the instrunment manual .

3.2 Sedinent sanple collection

Field duplicate: Field duplicates are collected to
denonstrate the reproducibility of sanpling technique in
honogeneous material, or the degree of environnental
het erogeneity. Independent sanples are collected as close as
possible to the sane point in space and tine using identical
procedures. The two separate sanples should be stored in
separate containers and anal yzed i ndependently. These field QC
sanpl es nust be treated as regular investigative sanples
concerni ng sanpl e volune, containers and preservation.
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Split sanples: Split sanples are aliquots of sanple taken
fromthe sanme contai ner and anal yzed i ndependently. These are
usual |y taken after honbgeni zation and are used to docunent
intral aboratory precision (in this case, also known as | aboratory
duplicates) or interlaboratory accuracy. Sanples collected for
anal ysis of volatiles cannot be splits, but nust be taken as co-
| ocated grab sanples. Split sanple sets should include field
duplicate sanples as well as appropriate field bl anks.

Because of the heterogeneity of sedinents (in situ) and the
inability to adequately honogeni ze sanples in the field, field
duplicates and split sanples are not considered reliable
i ndicators of precision in sedinent sanple collection. Sedinent
sanpl es honogeni zed in the | aboratory may be suitable for
preparing split sanples to assess interlaboratory accuracy.
However, these would not provide information about sanpling
preci si on.

3.3 Physical and chem cal anal yses

Precision for |aboratory neasurenents is usually assessed by
anal ysis of |aboratory duplicates or MS/ MsSD

Laboratory duplicates: A |aboratory duplicate is an
intral aboratory split sanple used to docunent the precision of a
method in a given sanple matrix. Laboratory duplicates are
typically performed for analytes which are naturally occurring
and/or frequently found in sanples. Results docunent the
precision of a method for a given sanple matrix. Duplicates
shoul d agree wthin established | aboratory control Iimts for
simlar matrices (typically <10-20%

Matrix spike duplicates: A matrix spike duplicate is an
intralaboratory split sanple which is used to docunent the
precision of a nmethod for a given sanple matrix. Matrix spike
duplicates are typically perforned for anal ytes which are not
natural ly occurring and/or not frequently found in sanple. The
intral aboratory split sanples are spiked wth identica
concentrations of target analytes. The spiking occurs prior to
sanpl e preparation and analysis. Results docunent the precision
of a nmethod for a given sanple matri x. Duplicates should agree
wi thin established | aboratory control limts for simlar matrices
(typically <20-30% .

Wil e both inorganic and organi c anal yses use matrix spikes,
only the organic anal yses requires additional sanple volune. For
this reason, sanple and analysis tables list matri x spi kes as
i nvestigative sanples for organi c anal yses.
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3.4 Toxicity and bioaccunul ation tests

Bi ol ogi cal evaluations are always perforned in replicate,
typically 3 to 5 with a mninum of 10 organi sns per replicate.
Precision is not only cal cul ated, but is fundanmental to
interpretation of results. A neasure of precision can be
cal cul ated using the nean and rel ative standard devi ati on
(percent coefficient of variation = standard devi ati on/ nean x
100) of the calcul ated endpoints fromthe replicated endpoints of
a test. However, precision reported as the CV should not be the
only approach used for evaluating precision of tests. Additional
estimates of precision may include range of responses, n nimum
detectabl e differences conpared to control survival or grow h.

3.5 Model calcul ations

Preci sion of nodel outputs should be cal cul ated by using
each replicate data point rather than the average of the
replicates. A mninum acceptable | evel of precision for the two
nmodel s do not exist. However, if a sufficient nunber of
replicates were tested, m ni num acceptable | evels of precision
can be determ ned using a statistical test for outliers.

4. Conpl et eness

Conmpl eteness is a neasure of the amount of valid (i.e., neet
or exceed the requirenents of the project) sanples collected or
dat a obtai ned conpared to the total anmount necessary to nmake
project decision(s) with confidence. Data conpleteness should be
cal cul ated as foll ows:

% Conpl et eness = Nunber of Valid Data or Sanpl es X 100
Nunber of Data or Sanples Planned

| f conpleteness is |l ess than stated, the sanple or neasurenent
may have to be repeated or best professional judgenment used to
assess the useful ness of the data for decision making purposes.

5. Representativeness

Represent ati veness expresses the degree to which data
accurately and precisely represents a characteristic of a
popul ati on, paraneter variations at a sanpling point, process
condition, or an environnental condition. Representativeness is
a qualitative paraneter which is dependent upon proper choice of
sanpling design, and collection and testing protocols.
Representati veness is maximzed by performng all sanpling and
testing in a standardi zed nmanner, strictly adhering to procedures
specified in the QAPP
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6. Conparability

Conparability expresses the confidence with which one data
set can be conpared with another. One way to ensure consi stency
is to require the use of simlar procedures, SOPs, and
standardi zed data forns. Data cal culations and units shoul d be
consistent wth the procedures and ot her organizations reporting
simlar data to allow for conparability. For |aboratories,
confidence in conparability can be enhanced by interl aboratory
testing.
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ATTACHVENT E- 2
Gui dance for Preparing Standard Operating Procedures

Standard operating procedures (SOPs) are witten procedures
that define how to carry out protocol-specified activities.
Content may include, depending on the conplexity and type of
pr ocedur e:

CGeneral I nformation

title and SOP nunber,

ver si on nunber and effective date,

approval signature(s),

serial page nunbers and total nunber of pages, and
person responsible for work (job title rather than nane).

Procedural |nformation

e scope, application, and limtations of procedures,

e precautions, common problens, and interferences,

« facilities, equipnent, organisns, and materials required
(type, quality, and quantity),

e chronol ogi cal description of required action steps and
options for entire procedure from preparation through

i npl enent ati on and assessnent to reporting,

e set-up, calibration, operation, and mai ntenance of
anci |l ary equi pnment not part of the procedure's action

st eps,

 performance checks (type, frequency, acceptance criteria,
corrective action),

e quality control checks (type, frequency, acceptance
criteria, corrective action),

e recommended corrective and alternative actions (e.g. for
equi pnent failure, procedural problens, docunentation
deficiencies, data anomalies, audit/inspection failures),
and

e docunentation requirenents for each of the above.

The | evel of detail included depends mainly on the education,
training, and experience of personnel. |If witten too
restrictively, SOPs wll need frequent revising. On the other
hand, if the details are insufficient, instructions fail to
provi de adequate direction to study personnel. A conpromse is
to segregate all information that changes frequently as an
appendi x to the SOP, which may be easily updated.

SOPs for general activities (e.g. sanple custody and sanpl e

collection) are typically | ess conplex than SOPs for
nmeasur enent s.
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ATTACHVENT E- 3
Gui dance for Preparing QAPPs

ELEMENT 1 "Title and Signature Page"

Page lists the project title, location of the site, project
identification nunber, nane of the QAPP preparer, for whomit was
prepared, date prepared, and revision nunber. Signatures may
i nclude the project manager and QA personnel, field and |ab
managers and QA personnel, and Agency coordi nati on personnel

ELEMENT 2 "Tabl e of Contents"

Tabl e includes a serial listing of the 16 essential QAPP
el enents, tables, figures, attachnments, references, and docunent
di stribution.

ELEMENT 3 "Project Description”

This project-specific information is likely to be provided
inthe Tier 1 evaluation and the DCP, and nmay be referenced.
This el enent describes project scope and objectives,

i nvestigative approach, intended data use and associ ated data
quality objectives, nonitoring and sanpl e network design and
rati onal e, and project inplenentation issues and constraints.

Background i nformati on on the proposed dredgi ng and di sposal
| ocati ons include:

e site specific features including |ocation, size,
borders, inportant physical features, topographic,

geot echni cal , geochem cal and hydrodynam c dat a,

e historical contam nant data on sedinents at the project,
e dredgi ng and di sposal history of the site,

e« potential sources of contam nation, and

e the list of contam nants of concern.

This informati on should be detailed in the Tier 1 evaluation
report, and can be included in the QAPP by reference.

The scope of the proposed dredgi ng project should be
descri bed, the decision to be made, and the data needed for a
deci sion. The general design for data collection should be
descri bed, including:
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e maps and tabl es docunenting project nonitoring and sanpl e
| ocati ons,

« managenent units delineation of the dredging site,

 met hods and procedures for sanple collection,

 met hods and procedures for field neasurenents,

t he nunber and type of sanples for each matri x,

e the nunber of sanples for each paraneter-matrix
conbination for all locations should include field bl anks,
spi kes, and dupli cates,

e testing schedul ed for each sanple, and the
 mechani sm for maki ng changes to the plan.

| ndi vi dual s or organizations responsible for the inplenmentation
of sanple collection and anal ysis should be identified, and
[imts on tinme and resources defined. These itens, if fully
described in the DCP or SOM, can be included the QAPP by

ref erence.

Dat a applications and nodeling to be used in the eval uation
shoul d be identified along with data sources for input
par anet ers.

The i ntended use of each type of data coll ected should be
described and decision criteria identified. Project decisions
and decision criteria for Great Lakes dredged materi al
eval uations were detailed in the GLTEM and sumari zed in Section
3.3 of this appendi x, and can be included in the QAPP by
reference. O her decision criteria which need to be included in
the QAPP are the appropriate State water quality standards and
any project-specific criteria for Tier 4 testing.

ELEMENT 4 "Project Organization and Responsibility"

Proj ect-specific information that nmust be provided in the
QAPP include the foll ow ng:

* key personnel/affiliation wth planning, review approval,
i npl enent ati on, and assessnent authority,

e any special training or certification requirenents

for personnel in order to successfully conplete the project
t ask,

e lines of comunication and authority between organi zations
and personnel, and

e atentative schedule for preparation, review and approval
of planning docunents, data collection inplenentation,
assessnents and reporting,

Progranmmatic responsibilities of an organization that are
provided in the organization's QAMP and project-specific
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information contained in the DCP or other project planning
docunents may be included in the QAPP by reference.

ELEMENT 5 "Sanpling and Measurenent Quality Cbjectives”

The QAPP shoul d include a description of project QA
objectives, DQs for field nmeasurenent data, sanpling collection,
| abor at ory nmeasurenents, nodel cal cul ations or other types of
data assessnent as well as the neans to achi eve these objectives.
Thi s description should include:

e applicable technical, regulatory or project-required DQ s
for each field and | aboratory nmeasurenent for each sanple
matri x,

e how data quality will be neasured and assessed to justify
data usability,

e the type and frequency of internal QC sanples and
procedures, and

 how sanpl e coll ection/handling, analysis, and reporting/
assessnment ensure the representativeness and conparability
of project sanples and neasurenents.

The DQOs el aborated in the GLTEM and appendi ces can be i ncl uded
in the QAPP by reference. Project-specific DQ0s, including DQ s
and SOPs for new or nodified procedures need to be descri bed.

ELEMENT 6 "Sanple Collection and Handling Procedures”

| nformati on about sanpling that nmust be provided in the QAPP
i ncl ude descriptions of the follow ng:

e sanpling equi pnent, any performance requirenents and
procedures for decontam nation,

e sanpling procedures, including field QC sanpl es,

e criteria for retaining/discarding sanpl es,

e sanple containers and provisions to assure they are non-
cont am nat ed,

» sanpl e packagi ng and shi pnent procedures, and

e procedures for sanple honpgeni zati on and di vi si on.

This information, if detailed in the DCP or SOW can be incl uded
in the QAPP by reference.
ELEMENT 7 " Sanpl e Docunentation, Custody and Tracking”

Proj ect-specific information that nmust be provided in the
QAPP i ncl ude descriptions of the follow ng:
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e project file, its location, custodi an, storage and access
pr ocedur es,

e sanpl e nunbering system and | abel i ng net hod,

how sanpling activities will be docunented,

chai n- of - cust ody procedures,

sanpl e recei pt precautions and instructions,

e sanpl e nunberi ng system and | abeling nmethod for aliquoting
bul Kk sanple into individual sanple containers (which may or
may not be shipped to another |ab),

e procedure(s) to ensure and docunment custody of the
sanpl es throughout the | aboratory,

| aboratory sanple storage conditions, and verification

pr ocedur es,

e when and how to di spose of unused sanpl es, and

e required subsequent corrective actions.

For nost dredged material evaluations, these activities wll be
detailed in the organi zational QAMP, DCP or contract SOWN and may
be included in the QAPP by reference.

ELEMENT 8 "Calibration Procedures and Frequency”

For projects using field and | aboratory nmethods in the GLTEM
and appendi ces, these processes should be routine and may be
included in the QAPP by reference. For nodified or new net hods,
all tools, gauges, instrunents, and other sanpling, neasuring,
and test equi pnent that nust be controlled and, at specified
period, calibrated to maintain accuracy within specified limts
shoul d be identified. For each tool, gauge, instrunment, or other
equi pnent, the QAPP shoul d:

e descri be how to prepare standards and reagents,

e list the information concerning specific grades of
material, appropriate glassware and containers for
preparation and storage, and | abeling and recordkeeping for
stocks and dilutions should be included,

e describe the procedures for denonstrating proficiency for
each nethod, including denonstrations of sensitivity,

preci sion and accuracy of the nethod,

« define all term nology, procedures and frequency of
determ nati ons associated wth the establishnment of the
sensitivity/MDL and the reporting limt,

e« describe the initial and continuing calibration procedures
(type of calibration, and concentration range and nunber of
concentrations), calibration results and al gorithmused to
generate the calibration curve or response factor, initial
and continuing calibration frequency, and initial and
continuing calibration acceptance criteria, and

e indicate how calibration frequency, conditions, and
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standards are docunented and are traceable to the
i nstrunent.

ELEMENT 9 "Field and Laboratory Measurenment Procedures”

The specific nmethods for field and | aboratory neasurenents
should be identified in the QAPP. For neasurenents made using
the methods in the GLTEM and appendi ces, the nmethods can be
i ncluded by reference. For neasurenents using new or nodified
nmet hods, selected as discussed in Section 3.5, the follow ng
i nformati on should be included in the QAPP

« an anendnent to a standard nethod or a detail ed SOP,

e cite by reference appropriate nethod validation data,

or describe plans for conducting prelimnary nethod

val idation studies as project subtasks if pertinent

val idation data are not avail able, and

e i ndependent, validated, confirmatory methods for each
critical measurenment for which a nmulti-nethod confirmatory
approach i s applicable.

ELEMENT 10 "Internal Quality Control Checks"

Many of the field and | aboratory nethods detailed in the
GLTEM and appendi ces include m ni mum QC procedures. These
met hods can be included in the QAPP by reference. For
measurenents using new or nodified nmethods, or where QC
procedures are not detailed, the follow ng informati on should be
i ncluded in the QAPP:

e identify all stages in sanpling and neasurenent processes
where internal QC checks are used to calculate the DQ's for
sanple collection, field neasurenents, |aboratory anal yses,
and nodeling efforts,

e describe or reference all specific QC sanples and checks

for each stage of field and | aboratory activities, stating
the frequency and required control limts for each QC sanple
or check,

e justify that QC procedures are conpatible with the data
speci fications, and

« reference the required subsequent corrective action that
shoul d be described in detail in El enent 15.

ELEMENT 11 "Data Reduction/ Verification/Deliverables and
Data Validation and Reporting"

Data reduction/verification, validation and reporting
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procedures for approved | aboratory nethods are detailed in the
GLTEM and appendi ces. These nethods can be included in the QAPP
by reference. For neasurenents using new or nodified nmethods, or
where data reduction/verification/validation procedures are not
detailed in the G.TEM the follow ng information should be

i ncluded in the QAPP:

e describe the reduction of field and | aboratory raw data to
final units, sumrarize reduction procedures, and any
statistical approach used,

e describe the verification of field, |aboratory and

nodel ing results and summari ze verification procedures,

e specify the reporting requirenents for field, |aboratory
and nodel i ng data, describe reporting format (including
units), and content of data deliverable,

e describe the validation procedures for field, |aboratory
and nodeling data, the criterial/guidelines/procedures to be
used for data validation, and the procedures to determ ne
outliers and define qualifying 'flags' used, and

e specify the format and content of data validation reports,
any non-project specific reporting requirenents, and annual
reports.

The individual (s) responsible for data reduction/verification,
val idation and reporting should be identified in the QAPP

ELEMENT 12 "Performance Audits and System | nspections”

I nformati on about | aboratory inspections and performnce
audits specific to the project data collection which should be
provi ded i ncl ude:

e specify the pre-award criteria and procedures,

e identify who is responsible for internal and external

audi ts and i nspections,

e specify the frequency of internal and external perfornmance
audits and system i nspections,

e describe the audit and inspection procedures and criteria
used to ensure work is performed as specified in the QAPP
and that quality neet project requirenents,

« reference the required subsequent corrective action,

described in detail in Elenent 15, and
e specify the format and content of audit and inspection
reports.

Routi ne procedures for performance audits and inspections for
indefinite delivery |aboratory contracts which are included in an
organi zation's QAMP can be included in the QAPP by reference.
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ELEMENT 13 "Equi pnent/ | nstrunent Mintenance and
Consumabl es | nspecti on”

These processes should be routine and, if docunented in the
organi zation's QAMP, SOPs or the DCP, may be included in the QAPP
by reference. The information in these docunents shoul d i ncl ude:

e identify the equi pnment and/or instrunents requiring

peri odi ¢ mai ntenance (e.g. field nonitors, sanple equipnent,
| aborat ory equi pnent, and conputer hardware),

e verify the availability of critical spare parts, necessary
according to operating guidance or design specifications,

e descri be the periodic preventative nai ntenance protocols
for all equipnent/instrunents should be perforned to ensure
availability and satisfactory performance of the systens,

e di scuss how repair of equipnment/instrunents wll be
performed (e.g. in-house, service contract),

e di scuss how and by whom supplies and consumabl es are

i nspected and accepted for use in the project.

e identify the acceptance criteria for supplies and
consumabl es in order to satisfy the technical and quality
obj ectives of the project or task,

e di scuss how i nspections and acceptance testing, including
use of QC sanples, of environnental sanpling and neasurenent
systens and their conponents nust be perfornmed and
docunented to assure their use as specified by the design.

e identify and discuss how final acceptance of consumabl es
is performed by independent personnel, and

e di scuss how deficiencies will be resolved when acceptance
criteria are not net, and how when re-inspection occurs.

ELEMENT 14 "Procedures to Assess Data Usability"

The GLTEM and appendi ces provi de consi derabl e gui dance on
how to assess usability of data from approved nethods. Assessing
the usability of historic data is likely to require best
prof essi onal judgenent. Organizational QAMPs and SOPs may
provi de nore specific procedures for assessing the usability of
new or historic data. Al of these procedures can be included in
t he QAPP by reference.

For data collection activities involving new or nodified
met hods, and especially for any Tier 4 evaluations, the
procedures for assessing data usability should be detailed in the
QAPP, including the follow ng information:

e describe the procedures to assess the usability of the

sanples collected, field and | aboratory data, and
e di scuss how i ssues will be resolved, by whom and how
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[imtations on the data will be reported and used in
deci si ons.

ELEMENT 15 "Corrective Action"

For projects using approved field and | aboratory nethods in
the GLTEM and appendi ces, corrective action should be routine and
may be included in the QAPP by reference. For new or nodified
nmet hods, corrective actions should be defined in the SOP,

i ncludi ng the foll ow ng:

e list all activities potentially requiring corrective
action during the course of the project,

e describe the nmechanismto initiate, devel op and approve
corrective actions and identify the parties responsible,
e specify the predetermined limts for data acceptability
beyond which corrective action is required for each
procedure and/ or neasurenent,

e descri be the procedure to inplenent, docunent, and test
ef fectiveness corrective actions, and

e specify the format and content of nonconformance reports
and corrective action nenos.

ELEMENT 16 "Quality Assurance Reports”

Procedures for QA reporting provided in organizational QAMPS
can be included in the QAPP by reference. This information
shoul d i ncl ude:

e identify the name and address of individuals submtting
and receiving reports, nunber of copies and delivery date
for draft and final QA reports,

e describe the type (e.g. witten or oral, interimor final)
and frequency of the QA report, and

e specify the contents of the various QA reports.

Proj ect-specific informati on nust al ways be provided in the QAPP

E-3-8



ATTACHVENT E- 4
Dat a Val i dati on Gui dance

1. Val i dation Activities
1.1 Check conpl eteness and accuracy of deliverable

Field and | aboratory deliverables should be reviewed to
determ ne whet her all docunentation requirenents in the QAPP, DCP
and SOW have been fulfilled. Conplete records should exist for
each activity. Enphasis on docunentation hel ps assure sanple
integrity and sufficient technical information to recreate each
event. Data validators are responsible for interacting with the
data generator to obtain mssing information and resol ve data
anonmal i es.

The results of the conpl eteness check shoul d be docunent ed,
and the data affected by inconplete records should be identified.
Dat a val i dation cannot begin until the deliverable is conplete.

1.2 Verify proper procedures foll owed

The data validator evaluates raw data and associ ated records
to confirmall procedures were conducted according to the QAPP
DCP, and SON All deviations nust be noted. The deliverable
shoul d be reviewed to verify:

integrity and stability of sanples,

equi pnent operation and cali bration,

QC procedures and frequency,

corrective action taken when necessary and was effective,
internal verification perforned, and

cal cul ations correct and no transcription errors exist.

1.3 Conpare performance to acceptance criteria

Sensitivity/nmethod detection limt, precision, and accuracy:
The data validator quantitatively conpares project results to
acceptance criteria stated in the QAPP (el enent 5) and associ ated
contract-SON and SOPs. Data not within control limts require
corrective action, and the reviewer should check that corrective
action reports, and the results of corrective action are
avai |l abl e.

The data val i dator shoul d determ ne whet her sanpl es
associated wth out-of-control quality control data are
identified in a internal data verification report, and whether an
assessnent of the utility of such results is recorded.
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The results, consequences, and docunentation of performance
and systens audits should also be considered in determ ning the
validity of results.

Represent ati veness and conparability: The data vali dator
qualitatively reviews field and | aboratory records to detect
probl ens affecting the representati veness and conparability of
the data. Problens that may affect data representativeness are:

e choi ce of sanple |ocations and subsanpl es,

e biases induced during field and | aboratory preparation,
» exceedances of sanple holding tines,

e potential for contam nation and degradation of sanple
during sanpl e processing or analysis, and

e matri x interferences and effects.

The primary factor affecting data conparability is changes or
nodi fications to sanpling and anal ytical procedures specified in
t he QAPP and associ ated SOPs and contract-SOM. The data
val i dat or assesses the consequences of these changes on the dat a.
Concl usi ons shoul d not be based on assunptions which cannot be
tested and verified by data derived fromthe study.

2. Data Validation Report

Data validation reports identify sanples and environnent al
data associated with poor or incorrect work. Data is either
accepted or flagged with a qualifier. Qualifiers are letters
whi ch are placed next to the reported sanple value to indicate
there was, or could have been, a problem Later, during data
qual ity assessnent, the reason for qualification should be
consi dered when assessing the usability of qualified data.

Val i dation reports shoul d include:

e case narrative describing any problens encountered and
limtations on the use of the data, with a signature that
aut hori zes the validation and rel ease of the report,

o data assessnent performed, including the nunber and type
of sanpl es eval uated, deviations from specified validation
procedures, interpretation of test results and concl usi ons
regardi ng the acceptability of data in terns of project

obj ectives and net hod QA QC,

e a summary of rejected sanples or data,

e all qualifying flags used to nmark the data in the
validation report should be defined (a list typical data
qualifiers is provided below, and

« a tel ephone record | og and record of each conmmuni cati on.

Upon conpl etion, data validation reports are forwarded to the PM
for inclusion in the final report.
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Data Qualifier Definitions

Nondet ected. For chem cal analysis, value reported is ML.
Estimated results. Estimated data should be used with
caution. For chem cal anal yses, concentrations between the
MDL and LOQ are flagged with a "J".

Rej ected due to deficiencies in the nethod or QC criteria.

E-4-3



